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Preface

It was sheer serendipity, while going through recent chapters and books on rheuma-
tology, written and edited by our brethren, that we decided to embark on this project.

The purpose was to bring out something different, handy, and useful for the
beginners as well as for the experienced, in one of the most exciting and happening
aspects in rheumatological disorders—the BIOLOGICS. The aforementioned
agents have virtually transformed the entire spectrum of approach in managing
these often difficult to treat conditions.

From the discovery of MABs (monoclonal antibodies) in 1975, it took about two
and a half decades for the approval of the first molecule in rheumatoid arthritis. In
the last 10 years or so, there has been an avalanche of sorts of these agents in various
fields of rheumatology. The latest kid on the block, the JAK inhibitors, the so-called
oral biologics, have been added to the armamentarium.

This treatise is a novel attempt to portray the utility of “on the shelf and in the
pipeline” biologics, in common rheumatological diseases. It includes a fascinating
introduction to their history, along with a bird’s-eye view of their use in the presence
of infections, malignancies, their ethical aspects, their off-label use, and the bio-
similars, the latter being so very cost relevant in our context. The chapters on bio-
logics in pediatric rheumatologic disorders as well as in osteoarthritis and
osteoporosis add value to this book. And finally their usefulness in conditions as
varied and diverse as uveitis, sarcoidosis, and the nascent IgG4-related disease will,
in all likelihood, complete the major groups where these drugs may be of importance.

It is not to project the biologics as the “be-all and end-all” of treatment in rheumatol-
ogy. It is a known fact that rheumatologists have to tread very carefully in their use.
And except for spondyloarthritis, ANCA-associated vasculitis, and perhaps a few other
conditions, their upfront use is not projected and approved at this moment of time.

Contributions from the plethora of pan-India talent, along with a sprinkling of
international flavor of erudite scholars, while adding value to this book, will further
enrich the knowledge of the readers.

We hope, this one of a kind work, with a virtual catalogue of biologics, is of help
to all those looking for a quick reference regarding the practicability of these “won-
der drugs” in the field of rheumatology.

New Delhi, India Neeraj Jain
Lalit Duggal
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A Historical Introduction
to the Biological Response Modifier
Drugs: The ‘Biologicals’

Anand N. Malaviya

1.1 Introduction

The real impact of biological drugs in the practice of medicine can hardly be appre-
ciated by today’s over-busy young physicians trying to keep up with the increasing
workload, spending late hours in the corridors of big-city hospitals. They would not
have time to stop to think about how and who was involved in the discovery of
‘mabs’ and ‘cepts’, (the biological drugs) that are now available for a wide spectrum
of diseases across specialities. These physicians would be least interested in the his-
tory of the discovery of these drugs that are nothing short of ‘miracles’ if there ever
was one. Yet the story of the discovery of the biologicals is like a highly engrossing
novel with excitements, despair, thrills and ecstasy with an intense ending.

The present-day science is unlike that of the yesteryears. In those good old days,
one brilliant mind would get a heavenly inspiration and suddenly discover ‘Gravity’
(Sir Isac Newton’s discovery of gravity), the so-called ‘Eureka moment’—a moment
of sudden, triumphant discovery, inspiration or insight. The scientific discoveries of
modern times are very different and mundane. It usually builds upon a solid founda-
tion of knowledge and newer technologies developed over decades of work involv-
ing large teams of scientists in huge laboratories, often with coordination among
different centres around the world. The discovery of biologicals has not been

A. N. Malaviya (><)
Head of the Department of Rheumatology, ISIC Superspeciality Hospital, New Delhi, India
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different; with the background knowledge gathered since the late nineteenth century
and during the early-middle part of twentieth century, it was only a question of time
for these drugs to become available for routine use.

1.2  Historical Background

It is important to note that drugs derived from biological materials (mostly animals)
or manufactured in biological systems are not new. The discovery of ‘serum ther-
apy’ and ‘anti-toxin therapy’ by Kisato and von Behring in the late nineteenth—early
twentieth century for treating diphtheria, tetanus and rabies are still in use [1]. These
are also ‘biological drugs’ (produced in biological systems). Clotting factors and
several growth factors (e.g. erythropoietin, colony-stimulating factors; used in hae-
matology and bleeding disorders) are also biologically derived [2]. For that matter,
the older generation of insulin was prepared from the pancreas of pigs [3]. In a
broader sense, these therapeutic agents have also been ‘biologically derived’.
Therefore, to clarify what is meant by biological drugs in modern medicine, the
National Cancer Institute (NCI, USA) has defined a biological drug as follows ‘a
substance that is made from a living organism or its products and is used in the
prevention, diagnosis or treatment of cancer and other diseases. Biological drugs
include antibodies, interleukins (ILs), and vaccines; also called biologic agent and
biological agent’ [4]. Increasing knowledge of aetiopathology of diseases has often
identified a certain molecule that could be central to the pathobiology of a given
disease (e.g. tumour necrosis factor-a { TNF-a} in rheumatoid arthritis {RA}). By
targeting the putative key pathogenic molecule, theoretically, it could be possible to
modify the disease process and ameliorate the disease. With this line of reasoning,
biological scientists, mostly working in the field of cancer, started to consider the
possibility of developing molecules that would specifically target the most relevant
pathogenic molecule and neutralize the same, leading to the recovery from the dis-
ease. The most obvious choice for such a therapeutic molecule was a specific anti-
body that would bind to the pathogenic molecule and neutralize its harmful effects.
The prerequisites for such an antibody would be that it is clonal in nature, i.e. all of
the same primary, secondary and tertiary structure, same antigenic binding site and
same affinity and avidity. Such antibodies were named ‘monoclonal antibodies
(mAbs)’ that are defined as follows: ‘an antibody produced by a single clone of cells
or cell line and consisting of identical antibody molecules with exactly the same
physicochemical and immunological properties’.

1.3  Basic Requirements for Producing Monoclonal
Antibodies (MABS) for Therapeutic Use

In decades prior to the development of methods for large commercial-scale produc-
tion of mAbs, several path-breaking technological advances were made, most of
them not necessarily with the intent of producing such antibodies. These included:
(1) Identifying the key pathogenic molecule for a given disease (if there is one, e.g.
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tumour necrosis factor-a (TNF-a, in RA); This would usually require the use of cell
culture to grow the pathological tissue (e.g. synovial tissue in case of RA) and then
study the secreted molecules to identify the putative key pathogenic molecule; (2)
Use of complementary DNA (cDNA) cloning technology for producing the relevant
molecule in pure form (for producing specific monoclonal antibody); (3) Identifying
and isolating the specific antibody-producing cell that secretes the relevant (spe-
cific) antibody; (4) Turning that specific antibody-producing cell into an immortal
self-perpetuating cell line that would keep producing large amounts of that mAb for
times to come.

A brief history of these essential steps and the scientists involved in that work is
described below. It must be mentioned that the example taken is that of RA because
historically that was the disease for which the first therapeutic mAb, namely inflix-
imab, was used successfully [2].

1.3.1 Discovery of Tissue Culture Technique for Studying
Biological Systems

Tissue culture and the study of culture supernatants have been the mainstay of
understanding cell physiology since the late nineteenth century. The study of syno-
vial tissue using cell culture has, therefore, been the main tool for understanding the
pathobiology of RA. It all started with the seminal work of Wilhelm Roux (1885) (a
German physician, a student of Rudolf Virchow, with seminal work in experimental
embryology who successfully grew medullary plate of an embryonic chicken in the
laboratory) [5]. Over the next decades, the technique was perfected by Ross Harrison
(an American biologist) and several other biologists culminating in the work of
Alexis Carrel (a French surgeon and biologist who won the Nobel Prize in 1912 for
pioneering the tissue culture technique). He had worked at the Rockefeller Institute
from 1906 to 1927 and had teamed up with Montrose Burrows (1911), a US surgeon
and pathologist with special interests in cancer research [6]. Burrows is credited
with the coining of the word ‘tissue culture’. Till the late 1960s, not much was
known about the pathobiology of RA except for an exceptionally brilliant work by
Vaubel in 1933 on the histopathology of RA synovial tissue [7]. Vaubel is credited
with the description of two major classes of cells in the synovium, namely the
fibroblast-like synoviocytes (FLS) and the macrophage-like synoviocytes (MLS),
the terminology that is still in routine use.

1.3.2 Identifying the Key Pathogenic Molecule in RA; Study
of the Synovial Tissue and its Molecules in Cell Cultures

Before going into the details of the pathobiology of RA, especially the histopatho-
logical abnormalities in the synovial tissue in RA, it would be of interest to describe
the prevailing theories of the pathobiology of RA in those early days. At that time
(early twentieth century), the debate was between gum infection to the abnormal
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extracellular matrix [2]. The term ‘collagen disease’ (a term used in the past for
diseases that are now called systemic immunoinflammatory rheumatic diseases)
owes its name to that legacy of ‘abnormal extracellular matrix’. Fortunately, the
work of Vaubel [7], described below, combined with advances in enzymology, by
the early 1970s, the theory of abnormal extracellular matrix was completely demol-
ished [2].

1.3.2.1 Early Studies on Synovial Tissue from RA Patients
in Tissue Culture

The seminal work of Jan-Mitchel Dayer from the Faculty of Medicine, University
of Geneva, Switzerland, takes precedence over others in the original studies on the
synovial tissue from patients with RA. He joined the famous ‘Arthritis Unit” headed
by Rheumatologist Stephen Krane at Massachusetts General Hospital (MGH,
Boston, USA) in the mid-1970s. It was the work of Dayer’s team at MGH that paved
the way for the modern-day investigation of the pathobiology of RA [8, 9]. Studying
the synovial tissue in culture, Dayer and colleagues noted that synovial fibroblasts
produced large amounts of collagenase and prostaglandin E2 (PGE2). Their work
also showed that physical contact of synovial fibroblasts with the mononuclear cells
(monocyte-macrophages {M®} that were present in the synovial tissue, albeit in
lesser numbers), was essential for this process but only in the early stages of the
disease. The same process in the synovial fibroblasts becomes autonomous (a
behaviour resembling tumour cells) in those where the disease was more chronic.
Using the culture supernatants, these workers purified a small 15 kDa molecule that
acted as the sensitizer for the synovial fibroblasts. They named it ‘mononuclear-cell
factor’ (MCF) [8, 9]. In 1979, after chromatographic purification, the same mole-
cule was re-named interleukin-1 (IL-1). Dayer and colleagues also get the credit for
analysing the function of the cells in RA synovium. They described the sequence of
the activity of the cells as follows: from activated T lymphocytes (TL) - M® —
synovial fibroblast activation (where direct physical contact of the M® was essen-
tial) — production of inflammatory cytokines. This paradigm for the pathogenesis
of RA holds true till today except for the additional role of B cells producing rheu-
matoid factor that self-associate and directly stimulate M® without the requirement
for T cells [10-13].

There were two rather intriguing features of the seminal work done by Dayer’s
team. Firstly, it seems that this team of workers did not try any method to neutralize
MCEF for therapeutic purpose. It is likely that at that time (the mid-1970s), the tech-
nology was not available to produce any ‘agent’ (drug, molecules) that could spe-
cifically neutralize MCF. The second and more intriguing fact was that they did not
report finding tumour necrosis factor-a (TNF-a), which, several years later, was
identified as the key driver of inflammation in the synovial tissue (see below). Was
this due to some technical issued related to cell culture? The question remains unan-
swered. Even more intriguing was the fact that years later, when mAb against MCF
(i.e. IL-1) became available (by the name anakinra), it did not show much therapeu-
tic effect in RA [14].
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1.3.2.2 The Saga of the Discovery of Tumour Necrosis Factor-o
(TNF-a) and its Cloning

The credit for the first discovery of a molecule that is now known as TNF-«a goes to
Carswell et al. [15] working at Memorial Sloan-Kettering Cancer Center, New York.
These workers showed that mice primed with substances that induce non-specific
reticuloendothelial hyperplasia (mostly activating macrophages non-specifically,
substances like BCG, Zymosan, Corynebacteria, several others; in the present-day
nomenclature these are called ‘adjuvants’ that are widely used in experimental
immunology) when transplanted with tumours (sarcomas and other transplanted
tumours), the tumours showed haemorrhagic necrosis. Thus, the name ‘tumour
necrosis factor’. This work went totally unnoticed till 1985 when Bruce Beutler and
colleagues demonstrated the role of TNF-a in the pathogenesis of diseases [16]. The
work was considered so important that Beutler and Jules A. Hoffmann were awarded
Nobel Prize in the year 2011. Beutler had earlier worked in the team of Dayer (men-
tioned above) and a legendry researcher Anthony Cerami (New York), where these
workers had described a lipoprotein lipase-suppressing hormone secreted by
endotoxin-induced RAW 264.7 cells (cells are a macrophage-like, Abelson leukae-
mia virus-transformed cell line derived from BALB/c mice; commonly used model
of mouse macrophages for the study of cellular responses to microbes and their
products). They had named this molecule ‘cachectin’ because the experimental ani-
mals developed severe cachexia. Later work demonstrated that TNF-a and cachec-
tin were the same molecules [17—-19]. The name cachectin was then dropped, and
the molecule came to be known as TNF-a.

Beutler’s work that demonstrated the importance of TNF-a in disease pathology
had stimulated a lot of work related to this molecule. Scientists, especially the group
lead by the famous Cancer specialist at Memorial Sloan-Kettering Centre, New York,
Lloyd Old, got together in a small workshop organized by him in December 1994)
[2]. This small meeting can be identified as the beginning of the era of ‘biologicals
for therapeutic purposes’. In the conference were present scientists who became
famous later on and included, among others, Beutler, Jan Vilc¢ek. Bharat Bhushan
Aggarwal and several others, some of whom went on to win Nobel Prize (e.g.
Beutler). Probably the most notable presentation at that conference was by BB
Aggarwal, who presented the cloning and sequencing of the molecule in focus,
namely TNF-a [20]. Once purified TNF-a became available, it was easy to produce
a specific antibody against it and test it in clinical situations.

1.3.2.3 Discovery of TNF-a as the Key Molecule in the Pathogenesis
of Synovitis in a Patient with RA

Ravinder Nath Maini (later Sir Ravinder Nath Maini), an immunologist-
rheumatologist, has been working at the Kennedy Institute of Rheumatology,
Imperial College, London, since late 1960s. His interest was in understanding rheu-
matoid arthritis and its immunopathology. He was studying rheumatoid synovial
tissue for this purpose. As luck would have it, around the same time, Marc Feldmann
(Later Sir Marc Feldmann), a basic scientist, was also working in the same institute
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and also interested in the abnormalities in the rheumatoid synovium. It was natural
that they teamed up to study the pathological abnormalities in the rheumatoid
synovium using an advanced tissue culture technique. Their team demonstrated the
presence of large amounts of TNF-a along with IL-1 and other cytokines in the
supernatants from the rheumatoid synovial culture [21-23]. However, their key
finding was that by inhibiting TNF-a using a specific antibody in mice, the whole
cascade of inflammatory cytokines (including IL-1) could be inhibited, thus shut-
ting off an inflammatory response in the synovial tissue completely [24]. At that
stage, the only issue for them was to obtain a mAb against TNF-a, which could be
used therapeutically in humans for conducting a clinical trial in RA [25-28].

1.3.2.4 Identifying and Isolating a Single Antibody-Producing Cell
for Producing Monoclonal Antibody: Jerne’s ‘Haemolytic
Plaque Technique’ Using Soft Agar-Gel

One of the prerequisites for producing mAb is to identify and then isolate a single
antibody-producing cell that would be producing the desired antibody. Even if an
animal is injected with a highly purified antigen, the antibodies produced are a het-
erogeneous family of molecules with different isotypes reacting with different epit-
opes of the injected antigen. Therefore, it is necessary to identify a single
antibody-producing cell that is producing the desired antibody, isolate such a cell,
immortalize it with some method and then propagate it in tissue culture where it will
continue to produce the same monoclonal antibody over long periods of time with-
out any mutation. Niles Jerne, one of the sharpest minds ever to have worked in the
field of immunology (shared the 1984 Nobel Prize with Kohler and Milstein for
their work on the important contribution of theory and practice in shaping our
understanding of the body’s immune system) the first director of the world-famous
Basel Institute of Immunology, (Switzerland) had devised a simple technique for
identifying single living antibody-producing cell [29] (From 1965 to 1968, while
working in the laboratory of Schwartz and Tannenberg in Boston, the author had
extensively used Jerne’s haemolytic plaque technique in soft agar while studying
the lifecycle of antibody-producing cells [30]. Thus, experimentally it became pos-
sible to isolate monoclonal anti-TNF-a antibody-producing cells. Some modifica-
tions of basically the same technique have since been widely used in laboratories for
isolating antibody-producing cells. By the 1970s most immunologists working with
antibody and antibody-producing cells (later called B cell-plasma cell line of
immune cells) had recognized the urgent need for producing large amounts of anti-
bodies with known specificity. Leading workers in the field in those days were
Joseph Sinkovics (M.D. Anderson Hospital and Tumor Institute in Houston Texas,
USA) [31, 32], Brigitte Ita Askonas (National Institute of Medical Research, Mill
Hill, London) [33] and Norman Klinman (University of Pennsylvania with joint
attachment to the Wistar Institute, Philadelphia, USA) [34, 35]. Unfortunately, for
various reasons [2] their success was limited; the lifespan of such cells in culture
was found to be a few hours to a few days only. Thus, there was a need for some new
technology where such an antibody-producing cell could be immortalized in a cell
line and exploited for commercial production of the monoclonal antibody.
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1.3.2.5 Hybridoma Technology and the Commercial
Production of mAbs

César Milstein, an Argentinian biochemist (1927-2002), became a naturalized
British citizen in 1958 and joined the Biochemistry Department of Darwin College,
University of Cambridge, with a short-term appointment at nearby Medical Research
Council (MRC) of UK. Dick Cotton (an Australian Fellow in the laboratory of
Milstein in the early 1970s), with help and inspiration from Milstein, developed a
technique of fusing 2 living cells using inactivated Sendai virus (Sendai virus pro-
moted cell fusion) [2]. For his experiments, Cotton used a variety of mouse myeloma
cells (by definition, myeloma cells are monoclonal; all of them produce an exact
copy of a single antibody with exactly the same specificity. Such antibodies are
called monoclonal antibodies). The most exciting aspect of this experiment was that
the antibody-producing cellular machinery of the fused cells was fully functional;
such cells continued to produce two types of monoclonal antibodies, each of the
same original specificity of the two fused cells. Milstein gave the name ‘hybridoma’
(a hybrid of myeloma cells) to such fused cells. In 1973, Milstein presented his
work on ‘hybridoma’ at the Basel Institute of Immunology (where Niels Jerne was
the Director, see above). Georges Kohler, a Ph. D. student at that institute, who was
present in the audience, got so inspired by Milstein’s work that he joined his research
team at Cambridge University, the UK, in 1974. At that stage, Milstein’s hybrid-
omas (Potter’s mouse myeloma cell line MOPC21) were facing problems that they
did not survive long enough in tissue culture. Also, the antibodies being produced
were against unknown antigens. At around the same time (the late 1960s), an
American Immunologist Norman Klinman at the University of Pennsylvania, with
attachment to (nearby) Wistar Institute, was using a technique for producing what
he called ‘monofocal’ antibodies [35]. He used small fragments of spleen from mice
injected with a known antigen (sheep red blood cells in this case). He could have
been inspired by Jerne’s haemolytic plaque in the soft agar-gel technique described
several years earlier (discussed above). The beauty of Klinman’s technique was that
by using it, he was able to isolate a single living antibody-producing a cell with
known and well-defined specificity (in this case, antibodies against sheep red blood
cells). At this advanced stage of the development of cell biology, it was only a ques-
tion of time for Kohler and Milstein to use an antibody-producing cell (isolated
using Klinman’s technique) for producing antibody to a defined antigen and fuse it
with a mouse myeloma cell using Sendai virus. They published their successful
experiment of having developed a hybridoma that produced a specific monoclonal
antibody of desired specificity (in their experiment the antigen was sheep red blood
cell) [36]. Kohler and Milstein would have suddenly realised that they had devel-
oped an antibody-producing cell line that was immortal and capable of producing
an endless supply of monoclonal antibodies with known specificity. Theirs was an
epoch-making discovery that opened the doors for producing monoclonal antibod-
ies against any desired antigen by a laboratory-created (man-made) hybridoma. The
importance of their discovery was recognized by the Nobel Committee. Kohler and
Milstein shared the 1984 Nobel Prize for their work, with Niles Jerne. The rest, as
they say, is history! Space does not permit to go into the story of how such an
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important discovery (hybridoma producing a monoclonal antibody of a known
specificity) could not be patented in the United Kingdom. History tells us that Hilary
Koprowski, Carlo Croce and Walter Gerhard (Americans) was granted two patents
(October 1979 and April 1980) for making mAbs against tumours and influenza
virus. It is said that Britain might have lost millions of dollars by not patenting the
hybridoma technology in UK [2]. It is of note that Koprowski, working at the Wistar
Institute (the famous National Cancer Institute-designated Centre, Philadelphia),
co-founded Centocor, one of the earliest biotechnology company for commercial
production of mAbs for diagnostics and therapeutics. As discussed below, histori-
cally, the first mAb used therapeutically was against anti-TNF-a, infliximab, that
was a product of Centocor Laboratory (brand name ‘Remicade’) [2].

1.3.2.6 TNF-o, Jan Vil¢ek and the Monoclonal Anti-TNF-o

Jan Vilcek, originally from (old) Czechoslovakia (under Nazi occupation), had
moved over to New York University School of Medicine in 1964. Being a brilliant
student from the School of Medicine in Bratislava, he had made a name for himself
working with interferons (IFN) [37]. His work at NYU had resulted in the discovery
of three forms of IFNs (a, f and the immune interferon, namely IFN-y). As luck
would have it, Vilcek was also one of the participants of the famous 1984 workshop
organized by Lloyd Old (mentioned earlier), where BB Aggarwal had presented his
work on cloning of the TNF-a molecule. Having worked with IFNs for a major part
of his scientific career, Vil¢ek wanted to move over to some new exciting area of
research. BB Aggarwal’s presentation of the cloning of TNF-a molecule drove him
to take up research on this molecule. Collaborating with Aggarwal and Genentech
Laboratory (Aggarwal was closely associated with it) over the next several years, he
made some key discoveries on TNF-a. He showed its property of inducing inflam-
matory cytokines in different biological systems. He also showed the presence of a
specific receptor TNF-a that was widely distributed in different cells and tissues. In
short, Viléek’s (also that of Bruce Beutler, who showed its role in tissue damage)
contributions to the biology of TNF-a and in the development of mAbs against
TNF-a, infliximab—the first mAb ever to be therapeutically used in humans, have
been immense [37]. He developed a unique relationship with the biotechnology
company Centocor (mentioned above), where the academia (his laboratory at NYU)
will carry out research while the Centocor will get the patent and exploit the discov-
ery commercially. The work of Cerami and his colleagues on the role of ‘cachectin’
(TNF-a) in causing cachexia and septic shock has already been mentioned earlier.
Cerami’s group was keen on trying anti-TNF-a monoclonals to reverse the effect of
cachectin (cachexia and septic shock). With Vilcek’s help, Centocor produced
human-mouse chimeric mAb (called cA2) against human TNF in the early 1990s.
Unfortunately, when tested in ‘sleeping sickness’ in cows in Kenya, the results were
disastrous; all the animals died [38]. This became a huge stumbling block on any
further development on TNF-anti-TNF research for therapeutic use. It was rumoured
that with the failure of cA2 in therapeutic experiments, Centocor went into a serious
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financial crisis. That was exactly the time (1993) when two young immunologists-
rheumatologists Ravinder Nath Maini and Marc Feldman from London, approached
Centocor to part with some of their cA2 mAb against TNF-a.

1.3.2.7 Maini and Feldmann’s First Use of Anti-TNF-oc in Human
Disease: Rheumatoid Arthritis

The seminal work of Maini, Feldmann and their colleagues in zeroing in on TNF-a
as the key cytokine that was shown to drive inflammation in rheumatoid synovium
has already been described earlier. Having obtained mAb against TNF-a from
Centocor, they systematically proceeded to test it therapeutically in patients with
rheumatoid arthritis. In a series of papers on the trial of this mAb (named inflix-
imab, the brand name ‘Remicade®’) in RA, they are credited with the first-ever use
of a mAD in clinical medicine [25-28, 39, 40]. Their discovery paved the way for
the development of a huge number of monoclonals for different diseases across all
specialities. Mani and Feldmann have since been among the most decorated bio-
logical scientists; Maini having bestowed with Crafoord Prize (2000), Albert Lasker
Award for Clinical Medical Research (2003), Dr. Paul Janssen Award for Biomedical
Research (2008), and Gairdner Foundation International Award (2014). Prof. Marc
Feldmann has been honoured with Crafoord Prize (2000), Albert Lasker Award for
Clinical Medical Research (2003), EPO European Inventor of the Year Award
(2007), Dr. Paul Janssen Award for Biomedical Research (2008), Ernst Schering
Prize (2010) and Gairdner Foundation International Award (2014). Finally, for their
historic work during 1980s-1990s, culminating in the identification of TNFa as a
key cytokine in the pathology of RA, Ravinder Maini and Marc Feldmann were
knighted in 2003 and 2010, respectively.

1.4 Conclusion

The history of medicine is full of interesting stories about how the various therapeu-
tic agents were discovered, including the role of serendipity in several such discov-
eries made in years gone by. In contrast, the discovery of mAbs for therapeutic
purposes has been that of decades of hard work by a large number of different sci-
entists working in different laboratories in different countries in different (mostly
unrelated) fields of research, mostly carrying out basic research in the field of biol-
ogy and cell science. But, the final credit must be given to the duo of Sir Ravinder
Nath Maini and Sir Marc Feldmann of the Imperial College, Kennedy Institute of
Rheumatology, London, for bringing together all the past knowledge, building upon
that knowledge and technology and successfully applying it to a human disease
(RA) demonstrating its dramatic effect in alleviating signs and symptoms of the
disease. No wonder one of the anti-TNF-a drugs (adalimumab) has been among the
ten best-selling drugs in the World in 1995 [40].
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Biologics in Rheumatoid Arthritis

Rohini Handa

Case Scenario

A 35-year-old lady with rheumatoid arthritis (RA) of 4 years duration pres-
ents to her physician with active disease (CDAI 23). She is on triple drug
combination with hydroxychloroquine (200 mg/day), oral methotrexate
(15 mg/week) and leflunomide (10 mg/day). Her physician hikes her disease
modifying anti rheumatic drug (DMARD) doses to hydroxychloroquine
(400 mg/day), subcutaneous methotrexate (25 mg/week) and leflunomide
(20 mg/day) and adds low dose prednisolone 5 mg/day. Two months later she
reports to him with partial relief: CDAI of 18. She is Cushingoid and wants to
stop her corticosteroids. He advises her to take biologics and refers her to a
rheumatologist.

2.1 Introduction

The treatment of RA revolves around the use of nonsteroidal anti-inflammatory
drugs, corticosteroids, and disease modifying antirheumatic drugs (DMARDs).
DMARD:s are the anchor drugs used to treat RA with methotrexate deemed the gold
standard. DMARD:s are currently classified as (Table 2.1):

(a) Synthetic DMARDs (conventional and targeted).
(b) Biologic DMARDs (bio-originators and biosimilars).
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Table 2.1 DMARDs in RA

Synthetic DMARDs

Conventional—csDMARDs | Methotrexate, Leflunomide, Hydroxychloroquine, Sulfasalazine

Targeted—tsDMARDs Tofacitinib, Baricitinib, Upadacitinib, Peficitinib, Filgotinib

Biological DMARDs

Bio-originator DMARDs Infliximab, Etanercept, Adalimumab, Golimumab, Certolizumab,
Rituximab, Tocilizumab, Abatacept, Anakinra, Sarilumab

Biosimilar DMARDs Infliximab, Etanercept, Adalimumab, Rituximab

2.2  What Are Biologic DMARDs (b DMARDs)?

* Biologic DMARD:s are therapeutic agents produced by means of biological (not
chemical) processes in live-cell systems. The manufacturing usually involves
recombinant DNA technology.

2.3  What Are the Types of Biologic DMARDs?

e Biologic DMARDs include monoclonal antibodies (mAbs) and receptor con-
structs (cepts). Examples of mAbs are infliximab, adalimumab, golimumab, cer-
tolizumab, rituximab, etc., while etanercept is the prototype of a receptor
construct-fusion protein where the naturally occurring receptor is linked to the
immunoglobulin frame. The receptor provides the construct with specificity
while the Fc of IgG imparts stability and prolongs half-life.

e The lineage can be ascertained by the name where ‘mo’ refers to murine, ‘xi’ to
chimeric, ‘zu’ to humanized and ‘mu’ to fully human mAbs. For example, inflix-
imab is a chimeric mAb (75% human and 25% murine), tocilizumab is human-
ized while adalimumab is fully human.

24  What Do bDMARDSs Target?

The biologics may target cytokines (both ligands and receptors) or cells. Table 2.2
lists the targets of various FDA-approved biologics and their usual doses in RA.

2,5 When to Initiate Biologics in RA?
Biologics, in general, are initiated in patients who have:

* Inadequate response to csDMARD:s in adequate doses (refractory disease).

* Aggressive disease with poor prognostic factors (presence of high titer autoanti-
bodies, high disease activity, early erosions).

* Intolerance to csDMARD:s.

e Special situations like RA with corneal melt, rheumatoid vasculitis, some patients
with RA-ILD (interstitial lung disease).
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Table 2.2 Biologicals for RA
Biologic Route of Biosimilar
(Bio-originator) Target administration | Usual adult dose available
Infliximab TNF iv. In conjunction with Yes
(Remicade) methotrexate, 3 mg/kg at
0, 2, and 6 weeks, then
every 8 weeks
Etanercept TNF s.C. 50 mg weekly Yes
(Enbrel)
Adalimumab TNF s.C 40 mg every other week | Yes
(Humira)
Golimumab TNF s.c. and i.v. Subcutaneous: 50 mg No
(Simponi) once a month.
Intravenous: 2 mg/kg
infusion over 30 minutes
at weeks 0 and 4, and
then every 8 weeks
Certolizumab TNF s.C. 400 mg initially and at No
(Cimzia) weeks 2 and 4, followed
by 200 mg every other
week; for maintenance
dosing—400 mg every
4 weeks can be
considered
Tocilizumab IL-6R i.v. and s.c. Intravenous: No
(Actemra) Recommended starting
dose is 4 mg per kg
every 4 weeks followed
by an increase to 8 mg
per kg every 4 weeks
based on clinical
response.
Subcutaneous: 162 mg
administered
subcutaneously every
other week, followed by
an increase to every
week based on clinical
response
Sarilumab IL-6 R s.C. 200 mg once every No
(Kevzara) 2 weeks
Anakinra IL-1R s.C. 100 mg daily No
(Kineret)
Rituximab CD20on B L. The dose for RA in Yes
(MabThera/ cells combination with
Rituxan) methotrexate is

two-1000 mg
intravenous infusions
separated by 2 weeks
(one course) every

24 weeks or based on
clinical evaluation, but
no sooner than every
16 weeks

(continued)
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Table 2.2 (continued)

Biologic Route of Biosimilar
(Bio-originator) Target administration | Usual adult dose available
Abatacept(Orencia) | Selective T i.v. and s.c. 500-1000 mg No

cell intravenous injection

costimulation (depending on body

modulator weight) given initially

and at 2 and 4 weeks,
then every 4 weeks.
Subcutaneous dose is
125 mg once a week

TNF Tumor necrosis factor, /L-6R Interleukin 6 Receptor, /L-/R Interleukin 1 Receptor, s.c. sub-
cutaneous, i.v. intravenous

Table lists only those biologics that have FDA approval for RA

Doses mentioned are usual adult doses and may need modification in renal disease/liver disease/
intercurrent infection. Please refer to the full prescribing information of each drug before use
Subcutaneous rituximab is approved only for hematologic conditions

2,6 How to Initiate Biologics in RA?

* Biologics are initiated only after carrying out screening for infections. The inves-
tigations employed include:
— Hepatitis B surface antigen (HBsAg).
— Hepatitis B total core antibody (HBcAb).

Hepeatitis C antibody.

HIV screening.

— Screening for latent tuberculosis (TB).

Screening for latent TB requires Mantoux test, IGRA (interferon-gamma release
assays) and chest radiograph (Fig. 2.1)

 Infections including latent TB, if present, should be appropriately treated before
commencing biologics.

e It is also recommended that all patients initiating biologic therapy should com-
plete vaccinations for influenza and pneumococcal pneumonia. Herpes zoster
vaccination is offered to patients >50 years, depending on availability. Inactivated,
adjuvanted, subunit vaccine (Shingrix) is preferred over the earlier live, attenu-
ated vaccine (Zostavax).

These recommendations may vary according to geographic location, national
guidelines and resource availability.

2,7 What Do Biologics Achieve in RA?
Biologics help control disease activity in RA in a multitude of ways. They

e Reduce signs and symptoms.
e Improve physical function.
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RA/psoriatic arthritis/ankylosing spondylitis/psoriasis patient
history; Past medical history, TB exposure, clinical signs and
symptoms, Chest X-ray (if done previously)

Active TB Test for latent TB

TST and IGRA

Either is positive

Both are negative Both are positive
No risk factors for

Chest X-ray
TB present

_____________ »| Review chest X-ray Positive: Chest lesions Negative or doubtful
if not done previously observed
Start Anti-TNF

therapy for RD Chest CT

( Active TB )«—( Positive for TB ) Negative-latent
TB suspected

Therapy for latent TB
1) Isoniazid 9 month
2) Rifampicin 4 months
3) Isoniazid+Rifampicin (2/3 months)

3

If clinical situation demands
post 2 months of TB
prophylaxis start Anti-TNF
therapy and omit loading dose

Wait till end of TB prophylaxis
therapy and then start
Anti-TNF therapy

Fig.2.1 Screening for latent tuberculosis. Reproduced with permission from Handa R, et al. Int J
Rheum Dis. 2017; 20:1313-1325

* Enhance the quality of life.
* Inhibit progression of structural damage.

Biologics are superior to methotrexate (MTX) in inhibiting radiographic pro-
gression. Trial evidence reveals that the combination of a biologic and MTX inhibits
radiographic progression more than either agent alone, reducing both the proportion
of patients progressing and the degree of progression of those who do progress.

2.8 Place of Biologics in the Treatment Matrix of RA

* Biologic DMARDs are used primarily after csDMARD failure.

e Methotrexate combination with biologics is preferred over biologic monother-
apy. Once sustained remission has been achieved (usually 6 months or even lon-
ger), an attempt can be made to de-escalate treatment.

* Should biologics require to be used as monotherapy for reasons of csDMARD
intolerance, anti-IL6 agents are preferred (tocilizumab and sarilumab).

* In a typical scenario where a patient is receiving csDMARDs, corticosteroids,
and biologics, steroids are the first agents to be withdrawn, followed by biologic
DMARD:s, and lastly, if remission persists, csDMARD dose can be reduced.
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e While several patients can sustain remission with dose reduction of biologic
DMARD:s, total cessation of bDMARD:s is frequently associated with flares
(increasing with time since discontinuation). In such a scenario, biologics are
re-instituted, and satisfactory control of disease activity can usually be regained.

29 Efficacy of Biologics

* Biologics may not work for all patients. In general, the efficacy of biologics in
patients failing methotrexate is given by the broad thumb rule of ACR-20/-50/-70
of 60/40/20 percent. That is, ACR 20 response is seen in 60% of such patients,
ACR 50 response in 40% patients while ACR 70 response is seen in 20% patients.
In patients failing anti-TNFs, the ACR-20/-50/-70 drop further to 50/25/12 per-
cent, respectively.

e Apart from primary non-response, some patients may exhibit partial response or
even exhibit worsening disease control with time (secondary non-response).
Such situations necessitate a change of drug or increase in dose or frequency of
administration.

2.10 What s Switching of Biologics?

This is required in patients failing a biologic or for reasons of intolerance/adverse
effects. If a bDMARD has failed, treatment with another bDMARD or a tsDMARD
should be considered. In patients failing one TNFi therapy, biologics with another
mechanism of action or another TNFi may be considered.

2.11  Which Biologic for Whom?

e All biologics have roughly the same efficacy and no one agent can be recom-
mended over others for this reason.

e In the absence of biomarkers that predict response, the choice of a biologic is
more or less empiric. Patient preference, physician familiarity, drug availability,
cost sensibility, and insurer requirements play a role.

 For patients preferring to avoid daycare visits/hospitalization, self-administered
subcutaneous injections via pen devices/auto-injectors are preferred. Some drugs
like golimumab offer ease of once a month administration, unlike weekly etaner-
cept or fortnightly adalimumab, sarilumab or certolizumab. Rituximab needs to
be administered intravenously once in 6 months. For patients with the past
history of tuberculosis/latent TB, non-TNF agents like rituximab, tocilizumab,
abatacept may be preferred over TNF inhibitors with respect to TB risk.

e Biosimilars may provide a cost advantage.
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2,12 Immunogenicity with Biologics

» Repetitive administration of protein-based therapeutics like biologics can induce
anti-drug antibodies. Immunogenicity is influenced by drug, disease, and patient
characteristics. It may practically translate into decreased serum drug levels,
attrition of therapeutic response, adverse events, and treatment discontinuation.

* Concomitant administration of methotrexate or azathioprine may reduce the
immunogenicity of biologic DMARDs. Even lower MTX doses like 10 mg/week
may suffice when used for this purpose, and higher doses may not be necessary
as outlined in the EULAR recommendations.

* As of today, algorithms that integrate therapeutic drug monitoring with immuno-
genicity and clinical response are not part of routine clinical practice.

2.13 Biologics and Safety Issues

Injection site or infusion reactions, opportunistic infections, and reactivation of TB
can be seen with almost all biologics. Drug-induced lupus, psoriasis, demyelinating
syndromes may rarely be encountered with TNFi. Rituximab can rarely be associ-
ated with hypogammaglobulinemia or progressive multifocal leukoencephalopathy.
GI perforation, hypercholesterolemia, and neutropenia have been reported with
tocilizumab. Readers are advised to check the full prescribing information provided
by various manufacturers for a detailed understanding of adverse effects associated
with these agents.

2.14 Biologics in Pregnancy and Breastfeeding

e TNF inhibitors like certolizumab, infliximab, etanercept, adalimumab, golim-
umab can be continued throughout pregnancy if required. Certolizumab has
reduced placental transfer compared with other TNFi. To ensure low/no levels of
TNFa inhibitors (TNFi) in cord blood at delivery and if the disease activity per-
mits, etanercept and adalimumab should be avoided in the third trimester and
infliximab stopped at 16 weeks because of a theoretical increased infection risk
in new-borns. If these drugs are continued later in pregnancy to treat active dis-
ease, the live vaccines should be avoided in the infant until 6 months of age.

e Rituximab, anakinra, abatacept, and tocilizumab should be stopped when preg-
nancy is confirmed.

* Biologics compatible with breastfeeding include the TNFi infliximab, etaner-
cept, adalimumab, golimumab, and certolizumab. The ACR conditionally
recommends the use of rituximab, abatacept, tocilizumab during lactation, if
required.

e Males wishing to father a child can continue biologics.
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2.15 Biologics Versus Targeted Synthetic DMARDs

Biologics are complex protein molecules that need parenteral administration. These
entail a complicated manufacturing process that adds to the high cost of these drugs.
In contrast, tsDMARDs have a much lower molecular weight, are easier to manu-
facture and are given orally. These target intracellular signaling pathways. The effi-
cacy is nearly similar.

2.16 Bio-Originators and Biosimilars

e The spiraling costs of bDMARDs in developed countries, limited access in
resource-constrained countries and expiry of patent periods have stimulated
interest in Biosimilars. A biosimilar is a bio-therapeutic product similar in terms
of quality, safety, and efficacy to an already licensed reference bio-therapeutic
product.

* Unlike bio-originator DMARDs that require demonstration of clinical efficacy
and safety for each indication, extrapolation to other indications is permitted in
the case of biosimilars.

* Recommendations regarding switching from bio-originator DMARDs to bio-
similars or vice versa and substitution/interchangeability are continuously
evolving.

2.17 Future Prospects

Intense efforts are underway to identify which biologic would work best in what
patient. This precision medicine is likely to incorporate a multiomic approach using
information from the genome, epigenome, transcriptome, proteome, metabolome,
and microbiome of the RA patient. Stratification and better delineation of the clini-
cal, immunological, and molecular phenotype of RA hold the key to the inevitable
shift from ‘protocol driven’ treatments of today to ‘individualized protocols’ of
tomorrow!
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Bimlesh Dhar Pandey

3.1 Introduction

Biological disease-modifying antirheumatic drugs (bDMARDSs) have changed the
physicians’ therapeutic approach to Spondyloarthritis (SpA) since their advent.
They are the single most effective treatment option by a distance for axial SpA
(axSpA), where the science of rheumatology had found itself limited until a couple
of decades back. Apart from their numero uno position in the management of
Ankylosing Spondylitis (AS), they are also very effective for treating peripheral
SpA (pSpA), as well as non-radiographic axSpA (nr-axSpA). The following text
shall provide an overview of the various bDMARDs and their applications in SpA.

3.2  Overarching Principles for Use of Biologicals
in Spondyloarthritis

* A chronic triggering of inflammation in genetically predisposed individuals
takes place in SpA. Studies have shown that control of inflammation at the very
earliest provides the best chance to prevent the ensuing bone formation and the
resultant ankylosis. It gives the patients the best chance to maintain function and
prevent deformity [1].

* Research over the years had already implicated the dysregulation of cytokine
production as the key process driving the inflammation in SpA. With further
studies, the cytokines began to be identified. Then came the evidence of involve-
ment of the Interleukin (IL)-23/IL-17 axis. With the above knowledge at hand,
tumor necrosis factor-alpha inhibitors (TNFi) and IL-17inhibitors (IL-17i) and
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IL-12/23i were developed and were found to be effective in blocking the cascade
of inflammation in SpA.

e The guidelines for prescribing bDMARDs in SpA in different countries have
minor variations, but they are generally recommended in moderate to severe dis-
ease not responding to the conventional drugs.

e In axSpA, bDMARDs are recommended where a trial of nonsteroidal anti-
inflammatory drugs (NSAIDs) fails to produce a response or these agents are not
tolerated. In psoriatic and non-psoriatic peripheral SpA, bDMARDs are recom-
mended where conventional DMARDs have failed or are not tolerated.

e Apart from high axial or peripheral skeletal disease activity, another indication
for the institution of bDMARD therapy is severe eye, skin, or intestinal inflam-
mation, which might be organ threatening.

e Although the primary consideration is to provide the best care possible, the cost
is of concern when using biologicals. It is for this reason, that EULAR recom-
mends that the choice of b(DMARD may be driven by cost where similar out-
comes can be expected with the agents under consideration [2].

e Studies have shown that both NSAIDs and TNFi are more effective in patients
with shorter disease duration, thus it would be prudent to conclude that early
treatment with bDMARDs is likely to result in better outcomes.

3.3 Biological Agents Approved for Spondyloarthritis

The US Food and Drug Administration (USFDA) approved TNFi for the treatment
of AS include infliximab (IFX), etanercept (ETN), adalimumab (ADA), certoli-
zumab pegol (CZP), golimumab (GOL), Secukinumab (SEC), and Ixekizumab are
IL-17i approved by the agency for AS [3].

3.3.1 Infliximab in Spondyloarthritis

e IFX is a chimeric mouse—human monoclonal antibody. It binds soluble as well
as transmembrane TNF alpha.

e Ankylosing Spondylitis Study for the Evaluation of Recombinant Infliximab
Therapy (ASSERT) was the landmark trial that established the efficacy of IFX in
AS. The drug was found to be effective as early as within 2 weeks of initiation
and continued to be effective during the 24 weeks of the study [4].

e The drug has a half-life of 9 days and is recommended to be given at a dose of
5 mg per kg at 0, 2, and 6 weeks, and then every 6 weeks thereafter.

3.3.2 Etanercept in Spondyloarthritis

e ETNis a fusion protein that binds to soluble TNF and lymphotoxin alpha. Studies
have shown that the molecule has very low immunogenicity.
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A randomized controlled trial in 2003 found ETN highly effective in AS with
improvements in the patient-reported measures, acute phase reactants as well as
function. The safety was comparable to the drug’s trials in rheumatoid arthritis
(RA) and psoriatic arthritis (PsA) [5].

The drug has a half-life of 4 days and is recommended to be given at a dose of
25 mg twice a week. Studies have also shown 50 mg once a week to be effective
as well.

3.3.3 Adalimumab in Spondyloarthritis

ADA is a human monoclonal antibody that binds soluble as well as transmem-
brane TNF alpha.

The ABILITY-1 trial showed that ADA was effective in the treatment of nr-
axSpA. The ABILITY-2 trial showed the molecule’s efficacy in non-psoriatic
peripheral SpA [6, 7].

ADA has a half-life of 14 days and is recommended to be given at a dose of
40 mg every other week.

3.3.4 Certolizumab Pegol in Spondyloarthritis

CZP is a Fab fragment of a humanized anti-TNF antibody fused to polyethylene
glycol, that binds TNF alpha.

The RAPID-axSpA and RAPID-PsA studies found CZP efficacious in axSpA
and PsA. The patients showed improvement in the extraarticular domains of PsA
as well, including skin disease, nail disease, enthesitis, and dactylitis [8, 9].

The drug has a half-life of 14 days and is recommended to be given at a dose of
400 mg at 1, 2, and 4 weeks, and thereafter at 200 mg fortnightly or 400 mg every
4 weeks.

3.3.5 Golimumab in Spondyloarthritis

GOL is a human monoclonal antibody that binds soluble as well as transmem-
brane TNF alpha.

The results of the GO-RAISE study published in 2008 showed the efficacy and
safety of GOL in the treatment of AS in 2008 [10].

GOL has a half-life of 14 days and is recommended to be given at a dose of 50
or 100 mg every month.
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3.3.6 Secukinumab and Ixekizumabin Spondyloarthritis

e SEC is a human monoclonal antibody against interleukin-17A.

e The MEASUREI and MEASURE?2 trials showed the efficacy of SEC in patients
with active AS. The studies showed the efficacy of a 150-mg dose with a loading
dose in the first 4 weeks [11].

e SEC has a half-life of 27 days and is recommended to be given at a dose of
150 mg at 0, 1, 2, 3, and 4 weeks and then every 4 weeks for SpA.

e Ixekizumab is another IL-17i approved for use in AS. It has a half-life of 13 days
and it is used at a dose of 160 mg at dose 0 and then 80 mg every 4 weeks.

3.3.7 Ustekinumab in Spondyloarthritis

e Ustekinumab is a human IL-12 and IL-23 antagonist approved for use in psoria-
sis, psoriatic arthritis, and Crohn’s disease.

e It has a half-life of 20-39 days and is recommended to be given at a dose of
45 mg at 0 and 4 weeks and then every 12 weeks for PsA.

3.4 Biologics in Various Spondyloarthritides

While there is a unifying concept to the SpA family, the differences that exist in
various diseases and manifestations of the family translate into a need for custom-
izing the bDMARD therapy. A summary of where different biological agents are
effective is given in Table 3.1.

3.4.1 Axial Spondyloarthritis

e AxSpA includes radiographic (r-axSpA) and non-radiographic (nr-axSpA) dis-
eases. The initial approvals for use of bDMARDs in axSpA came only for
r-axSpA. The efficacy was also found higher in this subgroup. It was, however,
later recognized to be due to a higher degree of certainty of diagnosis in r-axSpA
compared to nr-axSpA.

e Biological DMARDs are the cornerstone of therapy for active, moderate to
severe axSpA. Younger age, shorter duration of disease, elevated acute phase
reactants, HLA-B27 positivity, and inflammation on MRI are predictors of good
response to bDMARDs [12].

e Studies have failed to show any significant differences between various biologi-
cal agents used for the treatment of axSpA. The choice of agent is hence driven
by extraarticular manifestations (EAMs), comorbidities, cost, and local
availability.

e The newer studies have shown that TNFi and IL-17i reduce radiographic pro-
gression. But since the structural damage in axSpA is heterogeneous and is
appreciable only over a longer term, it is not a useful tool to guide optimization
of bDMARD therapy or switching from one agent to another.
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Table 3.1 Biological agents in spondyloarthritis

Effective in

Drug Dose AxSpA‘ PSA‘ IBD‘ Uveitis
Non-monoclonal antibody tumor necrosis factor alpha inhibitors
Etanercept 25 mg twice a week ‘ v ‘ v ‘ ‘
Monoclonal antibody tumor necrosis factor alpha inhibitors
Infliximab 5 mg per kg at 0, 2, and 6 weeks, and then every v v v v
6 weeks thereafter
Adalimumab | 40 mg every 2 weeks v v v v/
Golimumab 50 or 100 mg every month v v v v
Interleukin 17A inhibitor
Secukinumab | 150 mg at 0, 1, 2, 3, 4 weeks, and then every v y
4 weeks
300 mg dose is used for psoriasis
Interleukin 12/23 inhibitor
Ustekinumab | 45 mg at 0 and 4 weeks and then every 12 weeks v v

for PsA

A 90 mg dose is used above 100 kg weight

A weight-based initial intravenous dose followed
by 90 mg subcutaneous every 8 weeks starting

8 weeks after the initial infusion is used for
Crohn’s disease

axSpA axial spondyloarthritis, PsA psoriatic arthritis, /BD inflammatory bowel disease

The recommendations are to start patients with axSpA on NSAIDs and evaluate
after 2—4 weeks. Then bDMARD therapy is initiated in those patients who do not
respond or are intolerant to NSAIDs. TNFi are the first choice bDMARDs in
axSpA and the current recommendations prefer IL17i over targeted synthetic
DMARDs (tsDMARD:s) as next line agents [2, 13].

3.4.2 Non-psoriatic Peripheral Spondyloarthritis

In non-psoriatic peripheral SpA (pSpA), conventional DMARDs like methotrex-
ate, sulfasalazine, and leflunomide are used where NSAIDs or local glucocorti-
coid injections do not work. In patients who fail to respond or are intolerant to
these agents, bBDMARDs are initiated [14].

The CRESPA trial with golimumab showed the efficacy of this TNFi in pSpA
and demonstrated that a drug-free remission was achievable in nearly 50 percent
of these patients.

The ABILITY-2 trial and the study by Paramarta et al. established the efficacy of
Adalimumab in pSpA. These studies were the first to demonstrate the concept of
early treatment in pSpA [7, 15].
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3.4.3 Psoriatic Arthritis

e The choice of therapy in PsA is guided by the extents of axial involvement,
peripheral joint involvement, skin disease, and other EAMs like enthesitis and
dactylitis.

e In predominantly axial disease not responding to NSAIDs, bDMARDs are

started with the usual practice being to start with a TNFi [16].

NSAIDs or glucocorticoids are first used in mono or oligoarthritis and enthesitis,

and then bDMARD:s are instituted in non-responders.

e In PsA patients with predominant polyarthritis, the usual practice is to start with
conventional DMARDs and then move to bDMARD:s if needed.

e However, recent recommendations do provide the option to use upfront
bDMARD:s in those with severe arthritis and/or severe skin disease [17].

» Rapid progression, erosions, elevated APRs, and active PsA at multiple sites are
considered hallmarks of severe arthritis.

e A PASI score of over 12, involvement of more than 5-10% body surface area
(BSA) or physical or mental impairment (even in absence of high PASI or more
than 5-10% BSA involvement) are considered to indicate severe psoriasis.

e TNFi, IL-17i, and IL-12/23i1 have all been found to be effective in PsA. IL-12/23i

agents are not used in axial disease.

TNFi are effective in skin and nail diseases but they paradoxically increase the

lesions in some patients. IL-17i and 1112/231 are the preferred agents in patients

with severe psoriasis.

e When a patient with PsA does not respond to one bDMARD, it is recommended
to switch to another agent of the same class or an agent of another class.

3.5 Extraarticular Manifestations and Choice
of Biologicals in SpA

e Even in absence of high skeletal disease activity in a patient with SpA, early
bDMARD therapy may be warranted because of active inflammatory bowel dis-
ease (IBD). Among the TNFi, monoclonal antibody TNFi, e.g., adalimumab and
infliximab are preferred over agents like etanercept in patients with IBD [18].
IL-17i are not preferred in patients with IBD. IL-12/23i on the other hand are
preferred agents, particularly for Crohn’s disease [18].

e In patients with recurrent uveitis, monoclonal antibody TNFi are preferred over
other TNFi and non-TNFibDMARD:s.

e All the available b(DMARDs can be used in patients with enthesitis and dactylitis

refractory to NSAIDs and/or local glucocorticoid injections. Tofacitinib and

Apremilast are other options in enthesitis refractory to the first-line therapy [16].

TNFi are effective in AA amyloidosis and also reduce the risk of cardiovascular

manifestations and atherosclerotic cardiovascular disease associated with

SpA. However, they are best avoided in patients with pre-existing heart failure

[19, 20].
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3.6 Summary

Biological disease-modifying anti-rheumatic drugs are effective options for the
management of spondyloarthritis.

Choosing the best-suited agent based on the disease manifestations and other
coexisting or comorbid conditions results in better outcomes.

Early initiation of biological agents in spondyloarthritis has the potential to mini-
mize damage and halt structural progression.
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4.1 Introduction

Psoriatic arthritis (PsA) is a complex, immune-mediated disease with varied clinical
features, including peripheral arthritis, axial disease, enthesitis, dactylitis, skin and
nail disease [1, 2]. Treatment of PsA has witnessed a sea change over the past two
decades. Extra-articular manifestations including uveitis and inflammatory bowel
disease (IBD), and comorbidities like obesity, metabolic disease and depression
play critical roles in treatment selection. Therapies in PsA warrant tailoring to target
the affected domains based on shared decision-making between the treating physi-
cians and patients [3]. There has been a swift and continuing expansion of biologic
(b) disease-modifying anti-rheumatic drugs (DMARDs) in the treatment armamen-
tarium of patients with PsA. Significant responses in all the relevant clinical
domains, coupled with the ability to inhibit progressive structural damage in the
joints, have yielded bDMARDs a clear edge over the conventional (c) DMARDs in
most patients with PsA.
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Fig. 4.1 Timeline of United States Food and Drug Administration (USFDA) and the European
Medicines Agency (EMA) approval of bDMARDs and tsDMARD:s in psoriatic arthritis

The bDMARDs approved by the United States Food and Drug Administration
(USFDA) and the European Medicines Agency (EMA) for the treatment of PsA fall
in the following groups—tumor necrosis factor inhibitors (TNFi), interleukin
(IL)-17 inhibitors, IL.-12/23 inhibitors, p19 subunit of IL-23 inhibitors, and T cell
co-stimulatory blockade agent [4, 5]. Targeted synthetic (ts) DMARDs, including
phosphodiesterase 4 (PDE-4) inhibitor (apremilast) and Janus kinase (JAK) inhibi-
tor (tofacitinib) have also been approved for the treatment of PsA, and novel JAK
and tyrosine kinase (TYK) inhibitors are on the anvil [6]. The bDMARDs and tsD-
MARD:s being used in the treatment of PsA are discussed in this chapter (Fig. 4.1).

4.2 Tumor Necrosis Factor Inhibitors (TNFi)

Tumor necrosis factor (TNF) is an inflammatory cytokine with pleiotropic effects,
known to play a central role in the immunopathogenesis of psoriatic disease, sus-
taining inflammation in both Th1 and Th17 pathways and causing articular damage
[7]. TNFi are large protein monoclonal antibodies (mAB) directed against TNF.

4.2.1 Approved TNFi in the Treatment of PsA

e Etanercept (ETN), infliximab (IFX), adalimumab (ADA), certolizumab pegol
(CZP), and golimumab (GOL) are the TNFi approved by the US FDA and EMA
for use in PsA (Table 4.1) [8].

¢ For axial PsA both the group for research and assessment of psoriasis and psori-
atic arthritis (GRAPPA) and the European alliance of associations for rheumatol-
ogy (EULAR) recommend initiation of therapy with TNFi as the preferred
choice (except in conditions with significant psoriasis) after the failure of non-
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steroidal anti-inflammatory drugs. TNFi has also been endorsed along with other
bDMARD:s for peripheral arthritis and enthesitis [3, 9].

4.2.2 Effectiveness of TNFi on PsA Domains

Data from clinical trials have shown the efficacy of TNFi in all the domains of
psoriatic disease [10—-19]. An ACR-50 response of around 50% is reported for
peripheral joint symptoms in most clinical trials.

An observational study evaluating the effectiveness of ETN on axial PsA demon-
strated significant improvement in the Bath ankylosing spondylitis disease activ-
ity index (BASDAI), Bath ankylosing spondylitis function index (BASFI) and
Bath ankylosing spondylitis metrology index (BASMI) at week 52 compared to
placebo [20]. Pooled real-life registries have noted ACR20/50/70 responses with
TNFi to be 53%/38%/22%, respectively, at 6 months [21].

A meta-analysis on the evidence available from randomized controlled trials
(RCTs) on enthesitis and dactylitis noted an enthesitis resolution pooled relative
risk (RR) of 1.75 (95% CI: 0.96-3.21) and dactylitis resolution pooled RR of
1.53 (95% CI: 1.01-2.31), with TNFi at week 12—-14 [22].

Yet another meta-analysis of RCTs of PsA to examine the effect of TNFi on
radiographic progression of disease demonstrated 84.5% of the 584 PsA patients
not developing radiographic progression at treatment week 24 compared to
68.6% of the 526 patients who received placebo (OR 2.68; 95% CI 1.99-3.6),
without significant heterogeneity [23]. Patients with PsA on TNFi have signifi-
cant lower risk of adverse cardiovascular events (Relative risk 0.67; 95% CI
0.52-0.88; p = 0.03) compared to MTX [24].

4.2.3 Persistence of Treatment with TNFi in PsA Patients

Switching between TNFis is well recognized in the event of inefficiency or toxic-
ity. However, in the NOR-DMARD registry data from Norway, 95 of the 439
patients identified as switchers demonstrated a significantly poorer ACR 50
response of 22.5% as compared to 40% in non-switchers [25].

Data from the British Society for Rheumatology Biologics Register (BSRBR)
demonstrates persistence estimates of 53%, 60%, and 48% for the first, second
and third TNFi at 5 years, respectively, in PsA patients. Better 5-year persistence
was noted with ADA or ETN compared to IFX [26]. Nevertheless, real-world
evidence demonstrates a consistent drop in the proportion of patients continuing
with TNFi after switching following the failure of the first drug [27, 28].

In a large registry data from 12 European countries (EuroSpA) on 14,261
patients, the median 12-month retention rate of TNFi was 77% [21]. Methotrexate
(MTX) discontinuation occurs sooner in patients with PsA. However, concomi-
tant use of MTX is associated with lower rates of TNFi discontinuation in PsA
[29]. Presence of comorbidities is associated with shorter TNFi persistence [30].
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4.2.4 Adverse Events with TNFi in Patients with PsA

e TNFis have a higher risk of serious infections requiring hospitalization following
administration as compared to other newer agents in biologic naive PsA patients.
However, in biologic-experienced PsA patients, no difference has been shown
across the groups [31]. The risk seems to be 3—4 times higher for IFX and ADA
as compared to ETN [32].

¢ Adequate screening for latent tuberculosis along with prophylaxis against reacti-
vation of tuberculosis for those who test positive should be strongly considered
for patients in endemic regions before initiating TNFi [33].

* A 1.5 to 3.4 times higher risk of neuroinflammatory events has been observed
with TNFi [34]. Reactivation of chronic hepatitis B is yet another serious matter
with TNFi. In the absence of antiviral prophylactic agents, up to 60% of patients
receiving TNFi for any indication can develop a reactivation. However, effective
antiviral prophylaxis with drugs like Entecavir significantly lowers the risk of
reactivation [35, 36]. The possibility of a paradoxical adverse event, mostly pso-
riasis, should be recognized in patients with PsA on TNFi [37].

4.2.5 Dose Reduction and Withdrawal of TNFi in PsA

A rapid recurrence of PsA is observed in a significant proportion of patients follow-
ing discontinuation of TNFi, with males demonstrating a higher risk of losing
remission [38]. Interestingly, TNFi dose reduction to one-third for at least 6 months
in a study led to maintenance in the reduced dose of TNFi for a mean of 1 year in
60% of PsA patients [39].

4.3 Interleukin-17 (IL-17) Inhibitors

The IL-17 superfamily comprises six structurally related cytokines (IL-17 A-F).
IL-17A, the most potent pro-inflammatory cytokine in this family, can exist as a
homodimer or heterodimer with IL-17F [40]. IL-17A is well recognized to have key
contributions in both bone erosions and bone formation, which are hallmarks of
PsA [41]. Targeting the Th17 pathway by IL-17 inhibitors has proven effective in all
domains of psoriatic disease and in preventing radiographic progression.

4.3.1 IL-17 Inhibitors in the Treatment of Psoriatic Disease

e SEC is a fully human IgGlk mAB that selectively binds and neutralizes
IL-17A. IXE is a humanized IgG4 mAB directed against IL-17A. It neutralizes
both IL-17A homodimers and IL-17A/F heterodimers.

e SEC and IXE are US FDA and EMA-approved IL-17 inhibitors for the treatment
of PsA. Brodalumab (BRO), a recombinant, fully human IgG2 mAB that binds
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to the IL-17 receptor subunit A has been approved by the US FDA for use in
moderate to severe plaque psoriasis.

Bimekizumab, a potential novel therapeutic approach, is an IgG1x humanized
mADb that acts by dual neutralization of IL-17A and IL-17F.

4.3.2 Efficacy of IL-17 Inhibitors in Psoriatic Arthritis

4.3.2.1 Peripheral Joint Outcome

SEC has demonstrated effectiveness in TNFi naive and TNFi inadequate respond-
ers alike, with better responses in the former. Rapid and clinically meaningful
improvements in peripheral joints were shown in the FUTURE clinical trials,
with ACR20/50/70 responses at week 24 of around 50%/32%/17%, respectively
[42, 43].

Radiographic progression was significantly inhibited at week 24 in FUTURE 1,
with improvements in both erosion and joint space narrowing. This effect was
sustained through 52 weeks of therapy [42]. FUTURE 5 study furthermore con-
cluded that subcutaneous SEC loading regardless of the dose demonstrated ben-
efit while aiming for faster and higher levels of response in joint and skin
endpoints [44]. Long-term 5-year efficacy data of the FUTURE 2 study demon-
strated ACR 20 responses in 74% and 70% in the 300 mg and 150 mg therapy
arms, respectively [45].

In a head-to-head trial (EXCEED) comparing SEC and ADA as the first line
biologicals, at week 52, 67% of patients on SEC and 62% of patients on ADA
achieved the primary endpoint. SEC did not meet statistical significance for
superiority versus ADA in this trial [46].

IXE is an effective IL-17 inhibitor for moderate to severe PsA, including those
previously exposed to csDMARD and TNFi. The SPIRIT-P1 study evaluated two
dosing regimens of IXE (80 mg every 2 weeks and 80 mg every 4 weeks) with
ADA 40 mg as the reference arm. The primary endpoint of ACR-20 response at
week 24 was achieved by 62% and 58% in the 2 weekly and 4 weekly groups,
respectively, compared to 30% in the placebo group [47]. Radiographic progres-
sion was minimal, especially in those patients who maintained IXE from the
initiation through 52 weeks [48].

The SPIRIT-P2 study evaluated IXE in PsA patients previously exposed to TNFi.
The primary endpoint was achieved by IXE in all groups compared to placebo
[49]. A head-to-head comparison of the efficacy of IXE and ADA in biological
naive PsA patients met the primary outcome of IXE being superior to ADA for
ACRS50 response at week 24, with 36% of the patients on IXE and 28% on ADA
achieving the primary outcome [50].

Two phase III clinical trials (AMVISION-1 and AMVISION-2) for BRO at
doses of 140 mg and 210 mg with subcutaneous administration bi-weekly were
conducted in patients with active PsA following safety concerns related to sui-
cidal ideations in phase II trials. The primary endpoint, ACR20 response at
16 weeks, was achieved by 39.5% and 50.9% in the BRO 140 mg arm in
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AMVISION-1 and AMVISION-2 studies, respectively compared to 16% in the
placebo arm; and ACR 20 response at 16 weeks in the BRO 210 mg group was
achieved by 51.8% and 44.3% in AMVISION-1 and AMVISION-2 studies,
respectively compared to 24.8% in the placebo arm. Both studies observed a
statistically significant difference between treatment and placebo arms [51].

4.3.2.2 Axial PsA Outcome

In the primary analysis of the MAXIMISE trial evaluating the efficacy of SEC in
axial PsA (axPsA), an ASAS20 response at 12 weeks was met by 63% in the
SEC 300 mg group and 66% in the 150 mg group, compared to 31% in the pla-
cebo arm [52]. The 52-week analysis of this study demonstrated 75% and 80%
of the placebo patients re-randomized at week 12, achieving ASAS20 response
rates in the 300 mg and 150 mg groups, respectively. ASAS40 responses at week
52 were 69% and 64% with 300 mg and 150 mg SEC, respectively. Statistical
reduction in the Berlin MRI score changes in sacroiliitis was also present at week
12 [53].

4.3.2.3 Enthesitis and Dactylitis Outcome

Complete resolution of enthesitis and dactylitis was observed with SEC in a
significantly greater proportion of patients at week 24 in the FUTURE 1 study.
At week 52, dactylitis was resolved in about 90% of the patients, compared to
48% at baseline, and enthesitis had resolved in 80% of patients, compared to
37% at baseline.

In the FUTURE 2 study, however, changes in dactylitis and enthesitis were not
statistically significant, though numerical enhancements in the proportion of
patients achieving resolution of enthesitis and dactylitis were observed, com-
pared to the placebo [54].

A pooled analysis from FUTURE 2 and 3 studies assessing the effect of SEC on
the resolution of Leeds Enthesitis Index (LEI) through week 104 observed com-
plete resolution of enthesitis in 65% (300 mg SEC) and 56% (15 mg SEC) of the
466 patients with enthesitis at week 16, compared to 44% in the placebo arm [55].
The LEI improved over baseline for both groups of IXE in the SPIRIT-P1 study.
However, the improvement was not statistically significant compared to the pla-
cebo. A posthoc analysis revealed complete resolution of enthesitis at week 24 in
about 39% of patients in the 2 weekly group and 43% in the 4 weekly groups of
IXE, compared to 19% on placebo, which was statistically significant.

The improvement in the Leeds dactylitis index (LDI) was statistically significant
in both the IXE groups compared to the placebo. The posthoc analysis revealed
complete resolution of dactylitis in 75-80% of patients in both the treatment
groups, compared to 25% on placebo [47].

Resolution of enthesitis over six sites and dactylitis at baseline in the brodalumab
trials were observed in a significantly higher proportion of patients compared to
placebo at weeks 16 and 24 for both doses. Patients on the higher dose of BRO
achieved better resolution in dactylitis compared to those on the lower dose [51].
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4.3.2.4 Persistence of Treatment with IL-17 Inhibitors in Patients

with PsA
In a retrospective analysis from the US administrative claims database, SEC dem-
onstrated lower discontinuation rates (36.5%), higher persistence [mean (SD):
282.8 (117.5) days] and greater adherence compared to TNFi [56].

4.3.2.5 Safety of IL-17 Inhibitors in Patients with PsA

* Long-term safety data of IL-17 inhibitors have been assessed from clinical trials
and real-life settings. A concern with IL-17 inhibition is the possible exacerba-
tion of inflammatory bowel disease (IBD). Three cases of new-onset IBD were
noted among 1003 patients with PsA in various clinical trials. Nonetheless, the
use of IL-17 inhibitors should be avoided in patients with known IBD or with a
strong family history of IBD.

* A pooled long-term safety data from SEC clinical trials showed exposure-
adjusted incidence rate per 100 patient-years for serious adverse events to be 7.9,
1.9 for serious infections, 1.5 for candida infections, 1.1 for malignancy, 0.05 for
inflammatory bowel disease (IBD), 0.4 for major adverse cardiovascular events
(MACE), and 0.1 for uveitis [57].

e Pooled data from 21 clinical trials on IXE across indications of plaque psoriasis,
PsA, and axial spondyloarthritis demonstrated incidence rates of 6 for serious
adverse events and 0.3 for death among the 1401 patients with PsA. Infections,
mostly nasopharyngitis and upper respiratory tract infections, were the most
commonly reported adverse events.

* Opportunistic infections, mainly oral and esophageal candidiasis, were reported
in patients with PsA with an incidence of 3.9 per 100 patient-years. MACE and
malignancies in PsA patients had an incidence of 0.5 per 100 patient-years and
0.3 per 100 patient-years, respectively. Incidence of depression following treat-
ment with IXE was noted in 1.7 per 100 patient-year, with suicidal behavior
noted in one patient. The incidence of IBD was higher in de novo cases [58].
Other uncommon adverse events include neutropenia and iritis.

e Inthe AMVISION trials on BRO, only one case of suicidal ideation was reported
among the 318 patients enrolled in the BRO 140 mg group. No such cases were
reported in the BRO 210 mg group [51].

4.4 IL-23 Inhibitors

The Th17-Th22-1L23 axis has a central role in the pathogenesis of psoriasis and
PsA. Both Th17 and Th22 cells require IL-23 for their expansion and maintenance.
IL-23 cytokine is upstream of IL-17 and is important for proliferation of Th17 cells,
leading to the production of IL-17 [59]. Th17 and Th22 can have a common as well
as contrasting function in the pathogenesis of skin and joint disease [60]. IL-23
shares its p40 subunit with IL-12 and is an important therapeutic target in both pso-
riasis and PsA. Agents targeting IL-23 are of two types: (A) anti-IL-12/IL-23p40
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(Ustekinumab) and (B) anti-IL-23p19 (guselkumab, tildrakizumab, risankizumab,
brazikumab, mirikizumab).

4.5 Interleukin-12/Interleukin-23p40 Inhibitor

Ustekinumab (UST), a fully human IgG1k mAB binding to the p40 subunit of IL-23
and IL-12, inhibits both the cytokines. The PSUMMIT1 and PSUMMIT?2 phase 111
clinical trials demonstrated efficacy of UST in PsA. It has been approved for the
treatment of active PsA alone or in combination with MTX.

4.5.1 Effectiveness of UST on Axial PsA, Enthesitis,
and Dactylitis

e Pooled data from the PSUMMIT1 and two trials were analyzed for spondylitis-
related endpoints in TNFi naive patients at week 24. Mean improvements in
neck/back/hip pain were larger in the UST group compared to placebo. Modified
BASDALI also showed a similar trend [61].

e In the enthesitis clearance in psoriatic arthritis (ECLIPSA) open-label study
comparing UST and TNFi in complete clearance of enthesitis defined by the
spondyloarthritis research consortium of Canada (SPARCC) enthesitis index at
week 24, 74% of patients on UST and 42% of patients on TNFi achieved the
primary endpoint. This is the first study to show the superiority of UST over
TNFi in PsA enthesitis [62]. Effect of UST on dactylitis was evaluated as sec-
ondary endpoints in the PSUMMIT trials.

e Inthe PSUMMIT1 study, at week 24, 56.6% in the UST 45 mg group and 55.8%
in the UST 90 mg group had residual dactylitis, compared to 76% in the control
group. A similar numerical difference in the proportions was seen in PSUMMIT?2
data on dactylitis [63, 64]. Evaluation of radiographic changes in the hands and
feet of patients enrolled in the PSUMMIT trials demonstrated a significant reduc-
tion in progression of erosions and joint space narrowing in the treatment arm
compared to the placebo arm at 24 weeks. This reduction was maintained through
52 weeks also [62].

4.5.2 Persistence of Treatment with UST in PsA Patients

e In a longitudinal cohort, 160 PsA patients initiated on UST due to failure of
cDMARDs or inadequate response to prior TNFi were evaluated for drug sur-
vival at 12 months.

e The global UST survival rate was 74.4%, with biologic-naive patients demon-
strating a significantly higher UST retention rate (87%) compared to the TNFi
inadequate responders (68%). Combination with MTX did not affect the drug
survival [65].
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4.5.3 Safety of UST in PsA Patients

UST is a well-tolerated bDMARD with an overall favourable safety profile. An
integrated analysis of UST safety data up to 1 year of follow-up from multiple clini-
cal trials across indications including psoriasis, PsA, and Crohn’s disease, including
5884 patients, revealed a low incidence of major adverse cardiovascular events,
malignancies, and death [66].

4.6 Interleukin-23p19 Inhibitors

Guselkumab (GUS) is a fully human monoclonal antibody against p19 subunit of
IL-23 and binds to it with high specificity and affinity. The results of two phase-3
clinical trials DISCOVER-1 and DISCOVER-2 demonstrated efficacy in different
domains of PsA in biologic naive and inadequate responders [67, 68]. Risankizumab
and Tildrakizumab are undergoing phase-3 trials in patients with PsA.

4.6.1 Efficacy of Guselkumab for Peripheral Joint Outcomes
in Active PsA

e DISCOVER-1 study included patients with inadequate response to or intoler-
ance to standard treatment. The primary endpoint of ACR20 response at 24 weeks
was met for both GUS dosing regimens (59% of patients in every 4 weeks group
and 52% of patients in every 8 weeks group) compared with only 22% of patients
in the placebo group [67].

e In the DISCOVER-2 study, biologic naive patients with active PsA were
recruited, with the same primary outcome as DISCOVER-1. ACR20 response at
24 weeks was met by 64% of patients in both the GUS dosing regimens, com-
pared with 33% of patients in the placebo group. Furthermore, the four-week
GUS regimen at week 24 inhibited the progression of structural damage com-
pared with placebo [68]. The responses were shown to be maintained through
52 weeks in biologic naive PsA patients [69].

4.6.2 Guselkumab in Axial PsA

e Data from DISCOVER-1 and 2 clinical trials were assessed for efficacy of GUS
in patients with imaging-confirmed (consistent with sacroiliitis) axial involve-
ment. Of the 312 patients who presented with axial involvement, 91 received 8
weekly GUS, and 103 received the 4 weekly regimens. BASDAI-50 was achieved
by 40.5% and 37.9% of the patients in the 8§ weekly and 4 weekly regimens,
respectively, as compared with 19% of patients in the placebo arm. A greater
proportion of the GUS treated patients also achieved ASDAS responses of inac-
tive disease, major improvement and clinically important improvement com-
pared to the placebo group [70].
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4.6.3 Efficacy in Enthesitis and Dactylitis

e In the baseline pooled data across both studies, resolution of enthesitis was
observed in patients on both 4 weekly (45%) and 8 weekly (50%) GUS regimens
(45%), compared with those on placebo at week 24 (29%).

e Numerically greater improvements in LEI were also observed in both the GUS
groups. Similarly, resolution of dactylitis was observed in a significantly higher
proportion of patients in both 4 weekly (64%), and 8 weekly (59%) GUS regi-
mens compared to those on placebo (42%).

4.6.4 Safety of Guselkumab in PsA Patients

The overall safety profile of GUS in both clinical trials was good. Infections and
MACE were comparable to the placebo group. Transaminitis was reported in 10%
of patients on the 4 weekly GUS regimen, compared to 6% in the 8 weekly regimens
and 4% in the placebo group. This safety profile was maintained through the
52-week results.

4.7 Co-Stimulation Blockade in PsA

Abatacept (ABA), a co-stimulation modulator, is a fusion protein of the Fc region
of immunoglobulin G1 with the extracellular domain of CTLA-4. It binds to
CD80/86 and prevents the second signal in the T cell immunological synapse and
subsequent activation of T cells. It was approved by the US FDA and EMA in 2017
for treating active PsA in adult patients who are partial/complete non-responders to
cDMARD:s, not requiring additional systemic therapy for psoriatic skin lesions. In
the trial which led to the approval of ABA in PsA (ASTRAEA), PASI 50/75 response
rates were only modest and did not differ from placebo [71].

4.8 Small Molecules in PsA

Novel small molecules, including the Janus kinase inhibitors (JAKinib) and the
phosphodiesterase 4 inhibitor Apremilast, have been developed over the past decade.
Their small and relatively simpler structure makes them easier to be synthesized,
bringing down cost compared to the biologics. Furthermore, since these are not
protein molecules, they can be administered orally, which improves patient conve-
nience to a great extent, and they do not have the tendency to form antidrug antibod-
ies, unlike biologics.
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4,9 Targeting the JAK/STAT Pathway: The JAK Inhibitors

The Janus Kinase-Signal Transducer and Activator of Transcription (JAK-STAT)
pathway is a crucial intracellular signaling system for wide range of cytokines and
growth factors. The four different types of JAK proteins include JAK1, JAK2, JAK3,
and TYK2. Tofacitinib (TOFA) is the only JAKinib that has been approved by the
US FDA and EMA for active psoriatic arthritis. However, JAKinibs, including
Upadacitinib, Filgotinib, and a novel TYK?2 inhibitor, Deucravacitinib, are in the
pipeline for regulatory approvals for active PsA.

4.9.1 Tofacitinib (TOFA)

Tofacitinib (TOFA), a selective inhibitor of JAK 1 and JAK 3 is approved for the
treatment of active PsA in patients with inadequate response or intolerance to MTX
or other csDMARDs. Two phase III clinical trials, OPAL Broaden and OPAL
Beyond, confirmed its efficacy in different PsA clinical domains.

4.9.1.1 Efficacy of TOFA on Peripheral and Axial Arthritis

* Both the trials demonstrated superior efficacy of TOFA (both 5 mg and 10 mg
twice daily doses) over placebo for peripheral arthritis, with the efficacy main-
tained or improved at 6 months [72-74].

* The OPAL Balance sub-study showed no clinically meaningful differences in the
efficacy between TOFA 5 mg twice daily as a monotherapy and in combination
with MTX [75]. A unique finding with TOFA has been its association with rapid
and sustained effect on pain in patients with inflammatory arthritis, including
PsA. The effect was seen as early as 3 months following treatment [76].

* Inthe OPAL Broaden study, more than 90% of patients met the criteria for radio-
graphic non-progression after 12 months [77]. In a pooled analysis of the two
phase III clinical trial data, in patients diagnosed as having spondylitis by the
investigators, changes in BASDALI at 3 months were greater in both TOFA 5 mg
and 10 mg twice daily doses, as compared to the placebo (p < 0.05). This
improvement was maintained in both groups at 6 months [74].

4.9.1.2 Efficacy of TOFA on Enthesitis and Dactylitis

e Mean changes in the LEI scores with TOFA 5 mg and 10 mg were —0.8 and
—1.5, respectively, in the OPAL Broaden study and —1.3 in both the groups in the
OPAL Beyond study. These changes were not statistically significant compared
to the placebo or ADA reference arms.

* Mean changes in the dactylitis severity score with TOFA 5 mg and 10 mg were
—3.5 and —5.5, respectively in the OPAL Broaden study, and —5.2 and —5.4,
respectively in the OPAL Beyond study [72, 73].
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4.9.1.3 Tolerability and Safety Profile of TOFA in Psoriatic Arthritis

* The tolerability profile of TOFA 5 mg twice daily in combination with a csD-
MARD has been good in all three major studies. The 3-month incidence of
adverse events in OPAL Broaden was 39%, compared to 35% in the placebo arm
for TOFA 5 mg twice daily; in OPAL Beyond, it was 55% compared to 44% in
the placebo arm. OPAL Balance, which is an open-label, long-term extended
study of the patients enrolled in OPAL Broaden and OPAL Beyond clinical trials,
reported adverse events in 80% and serious adverse events in 14% of the patients
after 3 years [78]. Some signals for low absolute lymphocyte count have been
described, though generally being minimal and not related to serious infections.
A modest decrease in the lymphocyte counts has been noted in the OPAL Balance
data. Transaminitis has been noted in patients on TOFA 5 mg twice daily, though
more than thrice the upper limit of normal was rare up to 12 months. No cases
with hepatic injury were noted. There is a concern regarding the elevation of
lipid levels after 3 months of treatment, maintained over 6 and 12 months of
treatment, though that did not translate to increased risk of MACE [79]. The
OPAL Balance data noted incidence rates of 1.7% for serious infections, 2.9%
for herpes zoster, 0.7% for MACE, and 3.5% for malignancies, including non-
melanoma skin cancer [78]. Physicians should be cognizant of the noted risk of
thrombosis, which has been flagged as a warning and/or as an adverse drug reac-
tion to JAKinibs. A meta-analysis showed a pooled incidence of 0.68 (95% CI
0.36-1.29), 0.44 (95% CI 0.28-0.7) and 0.59 (95% CI 0.31-1.15) for venous
thromboembolism, pulmonary embolism, and deep vein thrombosis, respec-
tively [80]. TOFA is contraindicated in patients with severe hepatic impairment,
active tuberculosis, serious or opportunistic infections, those with a low lympho-
cytic count and in those with high risk for thrombosis.

4.9.2 Upadacitinib (UPA)

Upadacitinib (UPA) selectively inhibits JAK1 over JAK2, JAK3, and TYK2. Two
phase III trials have been conducted on active PSA patients with previous inade-
quate responses to cDMARDs (SELECT-PsA-1) and bDMARDs (SELECT-PsA-2),
with good reports of efficacy across all the disease domains [81, 82].

4.9.2.1 Efficacy of UPA on Peripheral and Axial Arthritis

* In both trials, a superior efficacy of UPA for both 15 mg and 30 mg was noted in
peripheral arthritis outcomes. SELECT-PsA-1 had ADA 40 mg as a comparator
arm. UPA 15 mg was non-inferior to ADA, while UPA 30 mg was found to be
superior to ADA for all the ACR response rates. Interestingly, the effect of UPA
was noted as early as the second week, significantly more than the effect in the
placebo group. The proportion of patients achieving ACR 20 response increased
over time for both the doses, with a plateauing observed at week 12 for the 30 mg
dose group, while the 15 mg dose group continuing to show the increase till
week 20.
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e The efficacy of UPA for axPsA symptoms was assessed using pooled data
from the two studies for both doses of UPA. Treatment with either dose of
UPA resulted in significantly greater improvements in the overall BASDAI
and ASDAS-CRP endpoints from the baseline at week 12. A significantly
higher percentage of patients on either dose of UPA achieved BASDAI 50,
ASDAS inactive disease and ASDAS clinically important improvement
responses [83].

4.9.2.2 Efficacy of UPA on Enthesitis and Dactylitis

* Resolution of enthesitis was observed with both the doses of UPA compared to
placebo using both the LEI and SPARCC enthesitis indices. At week 12, 39.1%
on UPA 15 mg and 48% on UPA 30 mg achieved complete resolution of enthesi-
tis by LEI in the SELECT-PsA-2 study. In the SELECT-PsA-1 study, complete
resolution of enthesitis by LEI at 24 weeks was noted in 53.7% and 57.7% in
the 15 mg and 30 mg dose groups, respectively and both these groups were
statistically significant compared to ADA (47.2%). Resolution of dactylitis at
week 12 was noted in 63.6% and 76% in UPA 15 mg and 30 mg dose groups,
respectively, both being statistically significant compared to the placebo group in
the SELECT-PsA-2 study.

4.9.2.3 Safety of UPA in PsA

e Adverse events were noted to be higher in the 30 mg dose group at week
24 in the 2 phase III trials. Serious adverse events were noted in 5.7% and
8.3% of patients on 15 mg and 30 mg dose groups, respectively. Pneumonia
was the most commonly reported serious adverse event. Herpes zoster was
reported in eight patients on UPA 30 mg. Hepatic disorders were observed in
8.3% of patients on UPA 30 mg compared to 1.9% of those on UPA 15 mg.
MACE and venous thromboembolism were reported in patients with at least
one risk factor.

Filgotinib, a selective JAK1 inhibitor, has completed a phase 2 trial (EQUATOR)
and was found to be efficacious for the treatment of active PsA [84]. Deucravacitinib,
with a novel mechanism of selective TYK?2 inhibition, is efficacious over placebo at
week 16 in patients with active PsA in a phase 2 trial [85]. JAKinibs hold great
promise in PsA, with many more drugs being available in the future.

4.10 Phosphodiesterase-4 (PDE4) Inhibitor: Apremilast

PDE4 is an intracellular enzyme that is responsible for the hydrolysis of cyclic
adenosine monophosphate (CAMP) into AMP, the intracellular second messenger.
Inhibition of PDE4 leads to cAMP-dependent activation of protein kinases and
cAMP response element-binding proteins. This, in turn, has a role in inducing the
synthesis of IL-10 and the inhibition of pro-inflammatory cytokines. Apremilast
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(APR) monotherapy, or in combination with other csDMARD:s at the dose of 30 mg
twice daily is recommended for the treatment of active PsA in adult patients with
inadequate response or intolerance to prior csDMARD therapy.

4.10.1 Efficacy of APR on Peripheral Arthritis

e APR showed consistent clinical efficacy in reducing peripheral arthritis symp-
toms at the 30 mg twice daily dose in all the phase III clinical trials. The ACR
responses, however, were noted to be lower than the TNFi, IL-17 and JAKinibs,
and comparable to ustekinumab. The overall efficacy was shown to increase over
time in the PALACE 1 extension study. Higher ACR 20 response rates were
noted in bio-naive patients compared to bio-experienced patients or those who
failed previously [86]. Long-term efficacy data on APR shows response rates of
67.2%, 44.4%, and 27.4% for ACR20, ACR50 and ACR70, respectively, in the
patients continuing to take 30 mg twice daily at 5 years. The mean swollen and
tender joint counts improved by 63.3% and 49.8% at week 52, which further
increased to 82.3% and 72.7%, respectively at 5 years [87].

4.10.2 Efficacy of APR on Enthesitis and Dactylitis

e Pooled data analysis from PALACE 1, 2, and 3 studies was conducted for the
effectiveness of APR on enthesitis and dactylitis through 156 weeks [88]. At
52 weeks, 31% of the patients on APR 30 mg twice daily demonstrated complete
resolution of enthesitis, which increased to 55% of the patients at week 156.
Long-term effects of APR 30 mg dose schedule on a complete resolution of
dactylitis-by-dactylitis count were also good but not statistically significant com-
pared to the placebo. At week 156, mean changes from the baseline were —3.0 in
the 30 mg dose schedule group, with about 80% achieving a dactylitis count of 0.

4.10.3 Persistence and Safety of APR in Patients with PsA

e Contraindications to bDMARDs, lack of poor prognostic factors and higher risk
of infection are the most frequent reasons for APR prescription. In an Italian
study, the 6-month retention rate of APR was 72% [89]. The overall safety profile
of APR is favorable to patients at risk of serious infections, in whom other
bDMARD:s, including JAKinibs, may not be preferable. Gastrointestinal (GI)
side effects, though common in the initial weeks, tend to settle gradually. Less
than 2% had to discontinue therapy with APR due to GI side effects in the
PALACE program. Weight loss is observed in patients on APR at 52 weeks. A
weight loss of 2% with APR 30 mg dose schedule was noted at week 24.
Depression was noted to be higher in the APR groups compared to placebo, with
a rate of <2% in long-term studies.
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4.11 Positioning of Targeted DMARDs
in the Recommendations for PsA

e There are currently three recommendations for the management of PsA, namely
2019 updated EULAR recommendations, the American College of Rheumatology/
National Psoriasis Foundation (ACR/NPF) 2018 guidelines, and the GRAPPA
2015 recommendations [3, 9, 90].

e The EULAR recommendations include biologicals in Phase III of their manage-
ment algorithm, wherein it is recommended for csDMARD failure in peripheral
arthritis and NSAID/local glucocorticoid injection failure in axial disease
patients. TNFis or IL-17 inhibitors are recommended in axial disease, and IL-23
inhibitors can be considered in peripheral arthritis only, alongside the other two
classes of biological agents. Phase IV of EULAR recommendations deals with
biological failures and recommends switching within/between the classes of
TNFi or IL-17 inhibitors for axial disease. For biological failure in peripheral
predominant disease with arthritis and/or enthesitis, a switch within/between
classes of biologicals or switching over to JAK inhibitors/PDE4 inhibitors (in
situations where biological/JAK inhibitor therapy is inappropriate) is
recommended.

e The GRAPPA 2015 recommendations follow two routes for biologicals viz. stan-
dard therapeutic route and expedited route. In the standard therapeutic route,
bDMARDs (TNFi or IL-17 inhibitors or IL-12/IL-23 inhibitors) are recom-
mended for csDMARD failure in peripheral arthritis and dactylitis, NSAID fail-
ure in axial disease and enthesitis. Switching of bDMARD is recommended with
failure to initial DDMARD. PDE4 inhibitors can be considered in mild arthritis/
enthesitis/dactylitis except for axial disease. In the expedited route, LBDMARDs
can be considered in arthritis/axial disease/dactylitis, and also in severe
presentations.

e The ACR/NPF 2018 guidelines differ from the other two recommendations in
their placement of bDMARDs as an upfront conditional choice alongside csD-
MARD:s in treatment naive active PsA patients, as evidence for these agents is of
low quality. Other aspects of the guidelines are fundamentally similar in the
above-mentioned recommendations; however, abatacept is also recommended,
which is unique to this guideline. Tofacitinib, as per this guideline, is recom-
mended in active PsA following csDMARD/TNFi failure.

4,12 Conclusion

Treatment for patients with PsA should be individualized as per predominant clini-
cal domain affected, other manifestations and comorbid conditions. Widespread
pain, patient function, and comorbidities should be considered while deciding thera-
peutic goals. Various treatment guidelines, as proposed by GRAPPA, EULAR and
ACR/NPF may aid rheumatologists in choosing a therapy. Adverse effects of thera-
pies should be monitored regularly, as recommended. Finally, the huge cost of
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continuous biologic therapy may be a limiting factor for its use in resource-limited
settings; hence cost-effective treatment strategies with the use of biosimilars, taper-
ing and withdrawal strategies warrant further study.
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Case

A 55-year-old man with tophaceous gout and multiple recurrent mono- and oligo-
articular gout flares in the previous 12-months is referred to the rheumatology clinic.
He previously experienced hypersensitivity reaction to allopurinol, and deranged
liver function tests with febuxostat. His serum urate is 9.1 mg/dL, and eGFR is
30 mL/min. Other comorbidities include staghorn calculi, hypertension, poorly con-
trolled type-1 diabetes, and hyperlipidaemia. You are asked to advise on long-term
urate-lowering treatment and management of gout flares.

5.1 Introduction

Xanthine Oxidase inhibitors (e.g. Allopurinol) and uricosuric drugs (e.g. Lesinurad,
Sulfinpyrazone, Probenecid, and Benzbromarone) are recommended as first- and
second-line drugs, respectively, in the long-term treatment of people with gout and
recurrent flares. For the vast majority of patients, gout can be “cured” in a few years
if these drugs are taken at doses that reduce the serum urate level to <6 mg/dL in a
“treat-to-target” approach. Pegloticase, a biologic urate-lowering drug should be
considered when conventional urate-lowering treatments (ULTs) cannot be pre-
scribed due to inefficacy, intolerance, or contraindications (Box 5.1).

Gout flares are treated with low-dose prednisolone, colchicine, and NSAIDs and,
these drugs are also used for flare prophylaxis when initiating treat-to-target
ULT. However, anti-IL1 biologic agents may be used to prevent or treat gout flares
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when these drugs are contraindicated (Box 5.1). Prescribers should check licenced
indications of biologic drugs in their country before using them in the treatment of
gout or, discuss with the patient that such use if off-label.

Box 5.1: Indications for the Use of Biologic Agents in the Treatment of Gout
According to the 2020 American College of Rheumatology Gout Treatment
Guidelines [1]

Indications for Pegloticase

* Failure to achieve serum urate <6 mg/dL despite a maximum tolerated
dose of XOI treatment, uricosurics, their combination and other dietary
and lifestyle interventions.

* Presence of subcutaneous tophi or frequent gout flares (>2 flares/year).

Indications for using anti-IL1 agents

e Gout flare unresponsive to colchicine, NSAIDs, and corticosteroids.
* Contraindication or intolerance to the above anti-inflammatory therapies.

Indications for using anti-IL1 agents to prevent gout flares

e Contraindication or intolerance to colchicine, NSAIDs, and
corticosteroids.

5.2 Urate Lowering Drugs
5.2.1 Pegloticase

*  Mechanisms of action: Pegloticase is a mammalian PEGylated recombinant uri-
case enzyme that breaks down uric acid to more soluble, inert, and readily
excreted allantoin. Due to an inactivating mutation in the uricase gene, humans
are unable to metabolize uric acid.

e Dosing: It should be administered as an intravenous infusion (1 mL of 8§ mg/mL
Pegloticase diluted in 250 mL 0.9% or 0.45% Saline and administered over at
least 2 h) twice a week for 6 months followed by twice weekly or monthly dosing
[2, 3]. The diluted solution is stable at 2—8 °C and 20-25 °C for 4 h and the
SmPC recommends treatment should be completed within 4 h of dilution.

* FDA approved for the treatment of “refractory gout”. It may be used off-label for
the initial treatment of people with high urate burden, e.g. multiple large tophi
with or without destructive arthropathy.

e Pre-medication, infusion, and post-infusion management. Due to high risk of
infusion reactions and anaphylaxis, Pegloticase infusions should be preceded by
anti-histamines, paracetamol, and corticosteroids. In its replicate clinical trials,
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patients were treated with oral fexofenadine, 60 mg the evening before and again

before infusion; paracetamol, 1000 mg; and IV hydrocortisone, 200 mg, imme-

diately before infusion [2].

— Pegloticase should only be administered in healthcare settings with facilities
to treat anaphylaxis. The infusion may be stopped and re-started at a lower
rate, or the rate of infusion may be slowed if there are infusion reactions.
Infusion reactions can occur after completion of infusion, and patients should
be monitored for 1-2 h post-infusion.

Duration of treatment. The optimal duration of Pegloticase treatment is not

known, and, it is possible that low-dose XOI or uricosuric drugs may be used

after initial control of gout using Pegloticase.

Efficacy profile: At the above dose 47% of patients achieved serum urate <6 mg/

dL on 80% occasions between months 3 and 6 of treatment and 40% experienced

complete resolution of at least one tophus by month 6 [2]. In an open-label exten-

sion study, 60% of patients experienced complete resolution of at least one

tophus by month 24 and serum urate reduction was maintained [3].
Immunogenicity to Pegloticase is the primary reason for lack of response.

Recently, methotrexate at a dose of 15-25 mg/week with folic acid has been used

with Pegloticase to reduce the risk of immunogenicity [4, 5]. This strategy may

be used in clinical practice, however, this is an unlicenced indication for
methotrexate.

Safety profile: Patients should be fully educated about these risks prior to

treatment.

— Anaphylaxis: Was reported in 6.5%* patients treated with Pegloticase in ini-
tial clinical trials [2].

— Infusion reaction: Occurred in 26% to 41%%* patients receiving Pegloticase at
2 weekly and 4 weekly intervals respectively [2].

— Delayed-type hypersensitivity reactions have also been reported.

*Patients in these studies received pre-medications that may have reduced the
risk and/or severity of anaphylaxis and infusion reactions.

Cautions and contraindications:

— Contraindicated in patients with G6PD deficiency due to the risk of haemoly-
sis and methaemoglobinaemia.

— Some patients with heart failure experienced exacerbation of this condition
when treated with Pegloticase in initial clinical trials. Extreme caution in this
group is warranted.

— Dose adjustments in renal impairment are not required.

— Serum urate should be checked prior to each infusion, and, an increase in
serum urate to >6 mg/dL, especially if present on two consecutive occasions
indicates presence of neutralizing antibodies and higher risk of anaphylaxis.
Because oral ULTs may blunt this rise in serum urate, concurrent use of these
drugs with Pegloticase is not recommended.

— Consideration should be given to discontinuing Pegloticase should the serum
urate rise to >6 mg/dL after initial good response.
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— Pegloticase causes impressive reductions in serum urate and consequent crys-
tal mobilization and precipitates gout flares. Thus, gout flare prophylaxis
should be started a week before the first infusion of Pegloticase and adminis-
tered for at least 3 months when initiating treatment.

5.2.2 Rasburicase

This is a recombinant fungal uricase and is used to lower the serum urate in tumour
lysis syndrome. It is highly immunogenic and is not used to treat hyperuricaemia in
gout due to this.

5.3  Anti-IL1 Agents

The 2020 ACR guidelines conditionally recommend using drugs from this class for
treating gout flares in settings where NSAIDs, colchicine, and corticosteroids can-
not be used.

5.3.1 Anakinra

e Mechanism of action: Anti-IL1 receptor antagonist.

e Dosing: 100 mg by subcutaneous injection daily for 3—5 days.

e Reported to be effective in the treatment of gout flares unresponsive to conven-
tional anti-inflammatory agents in case series and case reports.

e A double-blind placebo-controlled non-inferiority trial reported no difference in
efficacy between a 5-day course of anakinra and conventional anti-inflammatory
drugs in the treatment of gout flares [6].

e Based on trial data, Anakinra cannot be recommended over other inexpensive
medicines such as colchicine, corticosteroids, and NSAIDs. However, Anakinra
may be used when these drugs are contraindicated or not tolerated as it is non-
inferior to these drugs in the treatment of gout flares.

e As anakinra is an anti-IL-1 blocking agent, it increases the risk of infections.

e Anakinra is not licenced in the USA or Europe for either treatment or prevention
of gout flares and, use for this indication remains off-licence.

5.3.2 Rilonacept

e Mechanism of action: Rilonacept is a fully human, recombinant, soluble decoy
receptor protein engineered from human IL-1 receptors and IgG1Fc that binds
IL-1o and IL-1, thus preventing their activation of cell surface receptors [7].

e Dosing: For treatment of gout flares: 320 mg/week [7]; For prevention of gout
flares when initiating ULT: 160 or 320 mg loading dose followed by 80 or



5 Biologics in Gout 59

160 mg/week. Lower dosages appear to be as effective in preventing gout flares
as the higher dosages [8, 9].

* Rilonacept was not better than NSAID in treating gout flares and should not be
used in place of first-line drugs to treat gout flares [7].

e Rilonacept was more effective than placebo in preventing gout flares over a
16-week period for patients initiated on Allopurinol 300 mg/day. The mean num-
ber of gout flares were 0.21 and 0.34, 0.29 and 0.35, and 1.06 and 1.23 for rilona-
cept 160 mg/week, rilonacept 80 mg/week, and placebo, respectively, in phase-III
clinical trials [8, 9].

e Rilonacept is not licenced in the USA or Europe for either treatment or preven-
tion of gout flares and any such use remains off-licence.

5.3.3 Canakinumab

e Mechanism of action: Canakinumab is a fully human anti-IL-18 monoclonal
antibody [10].

e Dosing: For treating gout flares: 150 mg administered by subcutaneous injec-
tion; for preventing gout flares: >50 mg administered by subcutaneous injec-
tion [11].

e Canakinumab 150 mg subcutaneous injection was more effective than triamcino-
lone 40 mg intramuscular injection in the treatment of gout flare, with more rapid
improvement in daily pain score (mean difference of 8.1 points by 24 h and 10.7
points by 72 h of treatment on a 0—100 mm Visual Analogue Scale for pain), and
significantly lower CRP at 72 h and 1 week [10].

e However, it is extremely expensive, and its use is associated with cytopenia and
serious infections requiring hospitalization in phase III clinical trials [10].

e Patients treated with canakinumab 150 mg subcutaneous injection were signifi-
cantly less likely to experience another gout flare (Hazard Ratio (95%CI) 0.44
(0.32-0.60)) in the next 24 weeks than those treated with triamcinolone 40 mg
intramuscular injection [10].

e In a dose ranging study, a single dose of at least 50 mg Canakinumab was more
effective than colchicine 0.5 mg/day in preventing gout flares over a 16-week
period in patients initiated on allopurinol. Forty-five percent patients treated with
colchicine experienced at least 1 gout flare while 15-19% patients treated with at
least 50 mg Canakinumab experienced at least one gout flare. Twenty-seven per-
cent patients treated with 25 mg Canakinumab experienced at least one gout
flare [11].

e Canakinumab is licenced by the EMEA for the symptomatic treatment of adults
with frequent gout flares (>2 flares in the previous 12 months) in whom NSAIDs
and colchicine are contraindicated, not tolerated, or do not provide an adequate
response, and in whom repeated courses of corticosteroids are not appropriate. It
is not approved by the FDA for the treatment of gout.

e Canakinumab is not licenced for the prophylaxis of gout flares when initiating
ULT by either EMEA or FDA.
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54  Summary

Biologic drugs provide the last chance for an improvement in quality of life for
patients with difficult to treat gout and should be considered as a therapeutic option.
Their use is limited by availability, cost, and restricted licenced indications.
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Biologics in Systemic Lupus 6
Erythematosus (SLE)

Chi Chiu Mok

6.1 Introduction

e SLE is a multisystemic autoimmune disease with an unpredictable course that
consists of periods of remission and flares.

* The pathogenesis of SLE is unclear but multiple genetic, epigenetic, hormonal,
and environmental factors are involved.

6.2 Unmet Needs in the Management of SLE

e The major reasons for mortality and morbidities of SLE are uncontrolled (refrac-
tory) disease activity (e.g., lupus nephritis [LN]) and therapy-related toxicities
(especially glucocorticoids).

e Although survival of SLE has improved substantially, further improvement in
recent years is hindered by the relatively slow development of novel therapies.

* Many randomized controlled trials (RCTs) of newer biological/targeted thera-
pies failed to show benefits in SLE, which were related to the immunological and
clinical heterogeneity of the disease, issues of study design, limitation of existing
assessment tools, and potent background immunosuppression.

* More effective but less toxic therapeutic agents and appropriate patient stratifica-
tion are needed to improve SLE care.
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Fig. 6.1 Points of intervention in the immunological pathways of SLE

6.3  Points of Intervention in the Inmunological Pathways
of SLE (Fig. 6.1)

» Biological/targeted agents interact with cellular receptors, intracellular enzymes
and molecules, cytokines, and other proteins to modulate immune activation,
autoantibody production, and tissue inflammation (Table 6.1).

6.4 Biological Therapies for SLE
6.4.1 Targeting B Cell Growth and Survival Factors

* B lymphocyte stimulator (BlyS), or B cell-activating factor (BAFF), binds to
three surface receptors of B cells (TACI, BCMA, and BAFF-R) and modulates
their maturation, survival, proliferation, and immunoglobulin class switching.

* APRIL (a proliferation-inducing ligand), a homolog of BAFF that influences the
survival and activation of B cells, binds to TACI and BCMA with a higher affin-
ity compared to BAFF.

* BlyS mRNA and serum levels are increased in SLE patients and correlate with
activity scores. Agents have been developed to inhibit BlyS, APRIL, or both
(belimumab, tabalumab, blisibimod, and atacicept).

6.4.2 Belimumab

e Two phase 3 RCTs (BLISS-52/76) in seropositive SLE patients with SLEDAI
score > 6 and stable treatment were performed [1, 2]. Patients were randomized
to intravenous (IV) belimumab or placebo (PBO) in combination with standard
of care (SOC) therapies.
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Table 6.1 Biologic/targeted agents in SLE trials

Targets and Background | Dosage regimens in
Drugs Nature | actions Pivotal studies therapies studies
Belimumab mAb (H)| Soluble BAFF | BLISS-52, SOC 10 mg/kg (IV) every
and prevents its | BLISS-76, 2 weeks for 3 doses,
interaction with | BLISS-SC, then every 4 weeks;
the BAFF BLISS-LN (p3) 200 mg (SC) weekly
receptors
Tabalumab mAb (H) | Soluble and ILLUMINATEI1/2 | SOC 120 mg (SC) every
membrane- (p3) 2 weeks
bound BAFF
Blisibimod Fusion | Soluble BAFF | CHABLIS-SCI SOC 200 mg (SC) once
protein (p3) weekly
Atacicept Fusion | Soluble and 2RCTs (P2/3), SOC 75 mg/150 mg (SC)
protein | membrane- ADDRESS II (p3) weekly
bound BAFF
and APRIL
Rituximab mAB CD20on B EXPLORER, SOC, HD 1 g 2-weekly for
©) cells, leading to | LUNAR (p3) Pred + MMF | 2 doses X 2 courses
depletion of B (month 0 and 6)
cells, from
pre-B to
memory B
stage, with
sparing of pro-B
cells and plasma
cells
Ocrelizumab | mAb (H)| CD20 on B cells| BEGIN, HD IV (400 mg or
BELONG (p3) Pred + MMF | 1000 mg) every
or euro-lupus | 2 weeks for 2 doses;
CYC/AZA repeat after
4 months
Obinutuzumab | mAb (H)| CD20 on B cells | NOBILITY (p2) | HD pred + IV (1000 mg)
(more ADCC, MMF/MPA infusion on days
less CDC) 1,15, 168, 182
Epratuzumab | mAb (H)| CD22 on B EMBODY 1/2 SOC IV 600 mg every
cells, modulate | (p3) week or 1200 mg
BCR signaling, every other week for
cellular 4 cycles
activation and
survival
Abatacept Fusion | Binds CD80/86 | RCT (p3), HD 10 mg/kg or
protein | with a higher ACCESS (p2) Pred + MMF, | 500-1000 mg
affinity than HD depending on body
CD28, thus Pred + euro- | weight
inhibits the lupus CYC/
co-stimulatory AZA

signal for T cell
activation

(continued)
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Table 6.1 (continued)

Targets and Background | Dosage regimens in
Drugs Nature | actions Pivotal studies therapies studies
Dapirolizumab | Fab CD40L RCT (p2b) SOC IV (6/23/45 mg/kg)
fragment every 4 weeks
(H)
Sirukumab mAb (H)| IL-6 RCT (p2) SOC IV (10 mg/kg) every
4 weeks
Rontalizumab | mAb (H) | Neutralizes 12 | RCT (p2) Existing 750 mg IV every
subtypes of therapies 4 weeks till week
IFN« but does stopped 20, followed by
not bind to except HCQ | 300 mg SC every
IFNP or IFNw. and Pred 2 weeks till week 22
Sifalimumab | mAb (H) | Binds and RCT (p2b) SOC v
neutralizes most (200/600/1200 mg)
subtypes of on days 1, 15 and
IFNa 29, then every
28 days
Anifrolumab | mAb (H) | Type I IFN RCT (p2), 2RCTs | SOC IV (150/300 mg)
receptor— (p3) (p2);
blocks signaling IV (300 mg) (p3)
of type I IFNs, every 4 weeks
including IFN«,
IFNB, IFNe,
IFNk and IFN®
Interferon-o- | IFN« Induces RCT (p2b) Nele Five injections of
kinoid vaccine | neutralizing vaccine at days
antibodies 0,7,28 and months 3
against 13 IFNo and 6
subtypes
Ustekinumab | mAb (H)| IL-12 and IL-23 | RCT (p2) SOC IV 260-520 mg at
(p40 subunit) week 0, followed by
SC 90 mg every
8 weeks
Baricitinib Jakinib | JAK1/2 RCT (p2) SOC 2 or 4 mg/day
Fenebrutinib | BTKi BTK RCT (p2) SOC 150 mg or 400 mg/
day

mAb monoclonal antibody, H fully humanized, C chimeric, BAFF B cell activation factor, SOC
standard of care, p2 phase 2, p3 phase 3, RCT randomized controlled trial, /V intravenous, SC
subcutaneous, HD high-dose, Pred prednisolone, MMF mycophenolate mofetil, MPA mycopheno-
lic acid, CYC cyclophosphamide, AZA azathioprine, HCQ hydroxychloroquine, /L interleukin,
JAK Janus kinase, ADCC antibody dependent cytotoxicity, CDC complement dependent cytotox-
icity, BCR B cell receptor, /FN interferon, BTKi Bruton tyrosine kinase inhibitor

e The primary efficacy endpoint was the SRI (SLE responder index)-4
response (improvement in SLEDAI scores >4, no worsening of British
Isles Lupus Assessment Group [BILAG] [new A or two B flares] and physi-
cians’ global assessment [PGA] [increase >0.3]). Both trials showed sig-
nificantly higher SRI-4 rates in belimumab (10 mg/kg) than PBO groups
(58% vs 44% in BLISS-52; and 43% vs 34% in BLISS-76). Belimumab
was more effective than PBO in the musculoskeletal and mucocutaneous
domains of BILAG.
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Patient subsets with SLEDAI >10, anti-dsDNA positivity, depressed comple-
ments, or steroid use at baseline had higher rates of SRI-4 and other secondary
endpoints (severe SLE flares, steroid-sparing effect, improvement in quality of
life and fatigue) to belimumab.

In phase 2/3 trials, the frequencies of adverse events (AEs) and serious AEs
(SAESs), including serious infections and cancer, were not higher with belim-
umab, except for depression and suicide (numerically more common).

Serious infusion reaction, which might be delayed, was more frequent in belim-
umab than PBO (0.9% vs 0.4%).

Extension of the BLISS studies for 8 years in those who were continuously
treated with belimumab showed a static yearly incidence of AEs and SAEs [3].
Majority (88%) of patients did not have an increase in SLICC/ACR SLE damage
index compared to baseline, indicating low organ damage accrual and a stable
safety profile of belimumab.

Post-marketing experience: Belimumab is most frequently used in refractory
musculoskeletal and mucocutaneous manifestations. Clinical improvement and a
steroid-sparing effect were achieved in 49-78% of patients.

Belimumab is not indicated in patients with severe renal or neuropsychiatric
(NP) SLE.

In a RCT (BLISS-SC), SLE patients with SLEDAI >8 were randomized to
receive weekly subcutaneous (SC) belimumab or PBO in combination with SOC
for 52 weeks [4]. Similar to IV belimumab, the SC preparation was associated
with a significantly higher SRI-4 response than PBO (61% vs 48%).

IV belimumab is approved for treatment of adult and pediatric (age >5 years)
patients with active, autoantibody-positive SLE despite standard therapies. The
SC preparation has also been approved in adult patients with the same indications.
A phase 3 RCT (BLISS-LN) showed that IV belimumab increased the renal
response rates at 104 weeks when added to SOC treatment (mycophenolate
mofetil [MMF] and glucocorticoids in 74% patients) in patients with LN without
increasing the incidence of AEs [5].

6.4.3 Tabalumab

Two phase 3 RCTs of SC tabalumab in moderate/severe active SLE without seri-
ous renal or NP manifestations were published [6, 7].

The primary efficacy endpoint (SRI-5 response) was met in one study but not in
the other, although SAEs and treatment-emergent AEs (TEAEs) were not more
common with tabalumab treatment. Further clinical trial of the drug was halted.

6.4.4 Blisibimod

e A phase 3 RCT (CHABLIS-SC1) randomized autoantibody-positive SLE

patients with active disease (SLEDAI >10) to receive either SC blisibimod or
PBO in combination with SOC [8].

e The SRI-6 response (primary outcome) was not significantly different between

blisibimod and PBO at week 52 (47% vs 42%).
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6.4.5 Atacicept

e A phase 2/3 RCT of atacicept in patients with active LN who were treated with
background high-dose steroid and MMF was halted for the development of seri-
ous infections [9].

e Another phase 2/3 RCT randomized patients with active SLE (>1 BILAG A and/
or B) to receive two doses of SC atacicept or PBO with a steroid taper [10]. The
primary outcome, percentage of patients having a new BILAG A/B flare, was not
achieved in the atacicept (75 mg) arm.

e The atacicept 150 mg arm was terminated because of fatal pulmonary infections
in two patients. TEAEs (including serious infections) were not different across
the three groups.

e Patients with increased serum BlyS and APRIL levels achieved a greater reduc-
tion in lupus flares.

* Despite the increased risk of infections with atacicept, a 24-week phase 2b RCT
(ADDRESS 1I) in seropositive SLE patients with active disease (SLEDAI-2K
>6) despite SOC was repeated [11]. No increase in TEAEs (including serious
infections) was demonstrated in users of atacicept (75 mg/150 mg).

e Although the primary SRI-4 endpoint was not met, subgroups of patients with
more active disease at baseline (SLEDAI-2K >10) or active lupus serology, or
both, achieved a significantly higher SRI-4 and SRI-6 rates in the atacicept arms.

e Further studies are necessary in view of the conflicting evidence in efficacy and
toxicity.

6.4.6 Targeting B Cell Surface Molecules

6.4.6.1 Rituximab

e Two pivotal RCTs of rituximab in SLE were performed.

e The EXPLORER study randomized patients with moderate/severe extra-renal
SLE (>1 BILAG A or >2 BILAG B domains) despite SOC [12] to receive either
rituximab or PBO (two courses 6 months apart).

e Clinical responses (major and partial), disease activity scores, flares, and time to
flare did not show statistically significant differences between the two groups,
although rituximab was not associated with increased rates of AEs and SAEs.

e The LUNAR study included patients with active LN (class III/IV) using a similar
protocol [13]. Patients were randomized to receive rituximab or PBO in addition
to steroid and MMF.

e At week 52, the primary and secondary endpoints did not show statistically sig-
nificant differences between the two groups.

e Hypotension, leukopenia, infusion-related reactions, herpes zoster (HZ), and
opportunistic infections were more numerically more frequent in patients treated
with rituximab.
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Post-marketing experience: 13% SLE patients developed infusion reaction to
rituximab (serious in 12% and delayed in 29%). Serious infections: 6.6/100
patient-years.

Despite benefits not shown in RCTs, rituximab is often used off-label to treat
refractory SLE. Clinical response to rituximab was reported in 67-86% of SLE
patients with various refractory manifestations such as articular, mucocutaneous,
renal, and hematological disease.

Rituximab (375 mg/m? weekly x 4 doses or 1 g 2-weekly x 2 doses) was often
administered in combination with steroid and/or cyclophosphamide (CYC),
MMEF, azathioprine (AZA), and methotrexate (68—76% cases).

6.4.6.2 Ocrelizumab

A phase 3 double-blind RCT of ocrelizumab in non-renal SLE (BEGIN) was
terminated prematurely [14].

Another RCT (BELONG) [15] recruited patients with active LN (class III/IV) to
receive ocrelizumab for two doses or PBO in combination with high-dose steroid
and either MMF or Euro-Lupus CYC/AZA.

This study was also terminated prematurely for an excess rate of serious infec-
tions in the ocrelizumab group.

In patients who completed >32 weeks’ treatment, the renal response rate of the
combined ocrelizumab groups was numerically higher than PBO.

6.4.6.3 Obinutuzumab

Obinutuzumab is a newer generation anti-CD20 monoclonal antibody that
induces greater B cell cytotoxicity than rituximab.

Results of a phase 2 RCT in patients with class III/IV LN showed superiority of
this biologic to PBO when combined with steroid and MMF or mycophenolic
acid (MPA) [16].

6.4.6.4 Epratuzumab

Two phase 3 RCTs (EMBODY 1/2) recruited seropositive SLE patients with
moderate/severe activity (SLEDAI-2K >6, BILAG >1A or >2Bs in mucocuta-
neous, musculoskeletal, or cardiorespiratory domains) despite SOC to receive
epratuzumab (two doses) or PBO infusion [17].

The primary endpoint, BILAG-based combined lupus assessment (BICLA)
response rate at week 48, was not significantly different between the epratu-
zumab and PBO groups.

AEs and TEAEs were, however, similar across all treatment arms.

6.4.6.5 Daratumumab

Daratumumab is an anti-CD38 monoclonal antibody that depletes plasma cells.
A recent report described two SLE patients with refractory disease responding
clinically to daratumumab in addition to SOC, with documented depletion of the
long-lived plasma cells [18].

The safety and efficacy of daratumumab in SLE has to be confirmed by further
studies.
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6.4.7 Targeting Co-Stimulatory Molecules

6.4.7.1 Abatacept

e A phase 2/3 RCT recruited patients with active class III/TV LN to be randomized
to IV abatacept (two dosing regimens) or PBO infusion in combination with
steroid and MMF [19].

e The primary endpoint, time to complete renal response, was not significantly
different in the abatacept group as compared to PBO at week 52.

e However, HZ infection, gastroenteritis, and SAEs were non-significantly more
frequent in abatacept users.

e Another phase 2 RCT randomized patients with class III/IV LN (ACCESS) to
receive IV abatacept or PBO in combination with high-dose steroid and the
Euro-Lupus CYC regimen [20].

e The rate of complete renal response was not significantly higher in the abatacept
group at week 24.

e The rates of partial response, AEs and SAEs, and other secondary endpoints
were also similar between the two groups.

6.4.7.2 Dapirolizumab

e Despite an earlier study of anti-CD40L monoclonal antibody (ruplizumab) raised
the concern of thromboembolism in SLE, a newer anti-CD40L molecule that
consists of a Fab fragment conjugated to polyethylene glycol and lacks the Fc
portion (dapirolizumab pegol) was tested in moderate/severe nonrenal SLE in a
phase 2 trial [21].

e Preliminary results demonstrated safety and greater improvement in multiple
endpoints as compared to PBO at week 24. However, a dose response relation-
ship was not observed.

6.4.8 Combination/Sequential Biological Therapies

¢ Rituximab treatment leads to variable B cell depletion and time to repopulation
(particularly memory B cells and plasmablasts), which might contribute to the
differential clinical response and lupus flares.

e Rise of BlyS level after rituximab treatment, which may contribute to reduced
response and more flare, may be reduced by concomitant belimumab therapy.

e A phase 2a proof-of-concept study (SynBioSe) of combined rituximab and beli-
mumab in refractory SLE has reported safety of the regimen [22]. Three RCTs
with similar objectives are ongoing: BLISS-BELIEVE (combined SC belim-
umab and rituximab vs belimumab + SOC), CALIBRATE (IV CYC-rituximab
with vs without belimumab in LN), and BEAT-LUPUS (SOC + rituximab, fol-
lowed by belimumab vs PBO 4-8 weeks later).
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6.4.9 Targeting Cytokines

6.4.9.1 IL-6

Elevation of IL-6 was demonstrated in SLE and correlated with disease activity.
Despite a phase I study showed promise of IL-6 receptor blockade (tocilizumab)
in SLE patients with mild/moderate activity [23], a phase 2 proof-of-concept
RCT of an anti-IL6 monoclonal antibody (sirukumab) in refractory LN [24] did
not demonstrate the anticipated efficacy or safety.

6.4.9.2 Type | Interferons (IFNs)

In SLE, type I IFNs are produced by plasmacytoid dendritic cells when induced
by immune complexes.

IFNa promotes T cell activation and autoantibody production by B cells.

Levels of IFN-a, IFN-driven chemokines and expression of [IFN-regulated genes
increased in SLE patients and correlated with activity score.

Two monoclonal antibodies (rontalizumab and sifalimumab) that direct against
IFNa and one monoclonal antibody against the IFNa receptor (anifrolumab)
have been developed.

6.4.9.3 Rontalizumab

A phase 2 study was conducted in SLE patients with moderate/severe nonrenal
disease (>1 BILAG A or >2 BILAG B domains) [25].

Participants were randomized to receive rontalizumab or PBO. At week 24, the
BILAG and SRI response rates were not different between the rontalizumab and
PBO groups.

Although a significant increase in viral or other infectious AEs was not observed
with rontalizumab, further development of this biologic was halted.

6.4.9.4 Sifalimumab

A phase 2 RCT [26] randomized seropositive SLE patients with active disease
(SLEDALI of >6, >1 BILAG A or >2 BILAG B, and PGA >1) to receive IV
sifalimumab or PBO in addition to SOC.

At week 52, the SRI-4 response rate was significantly higher in the 1200 mg
group compared to PBO (60% vs 45%; p = 0.03).

Sin scores (CLASI) and joint counts also improved.

Patients with baseline high IFN signature responded better to sifalimumab.
Sifalimumab was generally well-tolerated but HZ reactivation was more common.
Further trial of this biologic was not pursued.

6.4.9.5 Anifrolumab

A phase 2b RCT included nonrenal SLE patients with active disease despite
SOC [27].
Participants were randomized to IV anifrolumab or PBO monthly for 48 weeks.
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The SRI-4 response (primary endpoint) and a persistent steroid-sparing effect
were met in the anifrolumab group (300 mg) compared to PBO at day 169 (34%
vs 18%; p =0.01).

Achievement of secondary endpoints (SRI-4, reduction in steroid dosage,
improvement in skin and joint activity) were also significantly more common in
those treated with anifrolumab.

Improvement in multiple endpoints was more pronounced in patients with high
IFN signature.

AEs were not more common in anifrolumab users except for influenza and HZ
infections.

A phase 3 RCT (TULIP-2) in patients with active SLE (SLEDAI-2K >6 and
clinical SLEDAI-2K >4) receiving SOC therapies showed superiority of IV ani-
frolumab (300 mg) to PBO in achieving a BICLA response at week 52 (47.8%
vs 31.5%; p = 0.001) [28].

Secondary endpoints (glucocorticoid dose reduction, severity of skin disease)
were also in favor of anifrolumab.

However, HZ infection was more frequent in anifrolumab-treated patients (7.2%
vs 1.1%).

6.4.9.6 Interferon-a-Kinoid (IFN-K)

Active immunization of IFN-K generates neutralizing antibodies against 13 sub-
types of IFNa.

A recent phase 2b RCT in ANA positive SLE patients with moderate/severe dis-
ease activity (SLEDAI-2 K >6 and 1 BILAG A + 2 BILAG B scores) and posi-
tive IFN signature showed that IFN-K was well-tolerated and did not lead to
more TEAEs than PBO [29].

Achievement of a low disease activity state and a steroid-sparing effect was in
favor of IFN-K.

6.4.9.7 IL-12/23

Ustekinumab is a monoclonal antibody targeting IL12/23.

In a phase 2 RCT, seropositive SLE patients with active disease (SLEDAI-2K >6
and 1 BILAG A + 2 BILAG B) were randomized to receive ustekinumab or PBO
in combination with SOC [30].

The SRI-4 response was significantly higher in the ustekinumab group at week
24 (62% vs 33%; p = 0.006).

Improvement of active joint count was not better but improvement in >50% of
the skin score (CLASI) was significantly more common with ustekinumab (53%
vs 35%; p = 0.03).

The frequency of AEs or infections was similar between ustekinumab and PBO.
A phase 3 RCT of ustekinumab in SLE (LOTUS) was prematurely terminated
for the lack of efficacy on interim analysis.
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6.4.10 Targeting Intracellular Pathways

6.4.10.1 JAK Inhibition and Other Small Molecules

Targeting the downstream intracellular signaling pathways from the type I/II
cytokine receptors mediated by the JAK-STAT proteins allows simultaneous
suppression of multiple cytokines. A number of Jakinibs have been developed.
In a phase 2 RCT, SLE patients with active joint/skin disease were randomly
assigned to receive baricitinib or PBO in combination with SOC [31].

At week 24, resolution of skin disease or arthritis was significantly more fre-
quent in the baricitinib 4 mg group (67% vs 53%, p = 0.04), and so was the SRI-4
response (64% vs 48%; p = 0.02).

The number of tender joints, but not the severity of skin lesions, was reduced
significantly in the baricitinib group.

Serious infections were nonsignificantly more frequent in the baricitinib 4 mg
group (6%) than PBO (1%). Deep vein thrombosis developed in one patient (1%)
treated with baricitinib 4 mg.

Although the effect size of baricitinib in reducing tender joints was small, two
further phase 3 RCTs in nonrenal SLE are in progress.

Bruton’s tyrosine kinase (BTK) is a mediator of B-cell receptor and Fc receptor
signaling of innate immune cells such as monocytes. A phase 2 RCT of fenebru-
tinib, a BTK inhibitor, in SLE did not meet the primary endpoint of SRI-4 at
week 48 [32]. Another BTK inhibitor, evobrutinib, is being evaluated in SLE
(phase 2 RCT).

6.4.10.2 Other Biological Agents and New Molecules

Lulizumab pegol (anti-CD28), eculizumab (terminal complement inhibitor),
anti-IFNy, voclosporin (a newer generation calcineurin inhibitor), proteasome
inhibitors (bortezomib, ixazomib), RNase, edratide, rigerimod, and laquinimod.

6.5 Conclusions

Despite the futility of many recent trials of biologics in SLE, quest for novel
therapies for this disease continues.

Minimizing the PBO response by reducing background immunosuppression and
adoption of organ-specific disease activity indices may better differentiate the
treatment effect from PBO.

Novel endpoints such as low disease activity state and percentage improvement
of validated composite indices should be further explored.

The long-term safety and cost-effectiveness of novel therapeutics in serious or
refractory SLE manifestations have to be investigated.
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Biologics in Sjogren’s Syndrome 7

Elizabeth Price

7.1 Introduction

Sjogren’s syndrome (SS) is a chronic, autoimmune disease of unknown cause for
which, to date, there is no known curative nor true disease-modifying treatment.
Patients experience widespread dryness, affecting the eyes, mouth, respiratory, gas-
trointestinal and urogenital tracts. Systemic manifestations, including inflammatory
arthritis, skin and haematological disease, neuropathies and lung involvement, are
common. Up to 20% have co-existent autoimmune conditions, most commonly thy-
roid disease but also primary biliary cholangitis, pernicious anaemia and other rheu-
matic diseases such as scleroderma. There is prominent B-cell lymphoproliferation
with a 15 fold increased lifetime risk of B-cell lymphoma compared to the normal
population [1-3].

Traditionally the management of SS has focused on conserving, replacing and
stimulating secretions. With the increasing understanding of the underlying immu-
nological pathways in rheumatic diseases, the focus is now on effective treatment
early in the disease to suppress underlying systemic disease activity with the aim of
preventing permanent damage and systemic complications. To date, this approach
has not been wholly successful in SS, but progress is being made, and new therapeu-
tic targets are being identified and tested.

7.2  Rationale for Biologics in Sjogren’s Syndrome

SS is characterised by a distinctive array of biological and serological abnormali-
ties. Histologically lymphocytic infiltration of exocrine glands, most notably the
saliva and lacrimal glands, is a classical finding. Lymphocytic infiltrates can also be
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found in other organs, such as the lungs and liver, when they are associated with
specific clinical features. SS is also associated with a high prevalence of B-cell
lymphoma, with the incidence of this increasing with the length of disease [3]. In
early disease, the infiltrates are predominantly CD4+ T cells, which produce pro-
inflammatory cytokines, including IFN-gamma, IL-17 and IL-21, causing local
inflammation and inducing B-cell activation [4]. In later, more advanced disease
B-cells predominate and contribute to the hypergammaglobulinaemia, increased
free light chains and beta2-microglobulin and the characteristic anti-Ro and anti-La
antibodies [5]. Consequently, either T or B-cells or the cytokines they produce
might be considered potential therapeutic targets.

7.3 Rituximab

e Rituximab is a chimaeric anti-CD20 monoclonal initially licenced for the treat-
ment of B-cell lymphoma but now routinely used in rheumatoid arthritis and
Systemic lupus erythematosus (SLE). It binds to CD-20 on the surface of mature
B-cells leading to cell lysis. Rapid B-cell depletion in seen in the peripheral
blood followed by a slow recovery, and levels usually return to normal within
6—12 months post-treatment.

e The inflammatory infiltrates in Sjogren’s consist of both T and B-cell infiltrates
with B-cells predominating in the germinal centres within the salivary gland,
supporting the use of B-cell depleting agents.

e An initial open-label study of rituximab in a small cohort of patients with early
SS confirmed effective B-cell depletion and appeared to demonstrate clinical
improvement, especially in those with residual glandular function [6] and was
followed by a flurry of case reports and small case series reporting successful
treatment of systemic complications including lymphoma, immune thrombocy-
topaenia, cryoglobulinaemia, membranoproliferative glomerulonephritis and
neurological disease in patients with SS [6-16].

e Two small randomised controlled trials (RCT’s) over 24 and 48 weeks suggested
beneficial effects on fatigue [17] and salivary flow rates [18]. However, neither of
the subsequent larger Phase III placebo-controlled trials reached their primary
endpoint [19, 20], evaluating patient-reported improvements in pain, fatigue and
dryness.

e The TEARS study included 120 patients with active disease randomised to either
two infusions of Rituximab 2 weeks apart or placebo [19]. This study failed to
achieve a significant improvement in visual analogue scale (VAS) measures of
dryness, global disease activity, fatigue and pain despite an improvement in sali-
vary flow rates and measurable laboratory response.

e The TRACTISS trial of 133 patients gave two infusions of rituximab at baseline
and repeated at 6 months [20]. Again there were no significant improvements in
outcomes overall, although the authors noted a small improvement in unstimu-
lated salivary flow rates.



7 Biologics in Sjogren’s Syndrome 77

e Two systematic reviews and a meta-analysis of rituximab treatment for Sjogren’s
[21, 22] concluded that although there was some weak evidence of an improve-
ment in lacrimal gland function, there was no overall evidence of improvement in
oral dryness, fatigue or Quality of Life (QoL) and insufficient evidence to support
routine use. There is some evidence, however, that it may have a role to play in
patients with specific organ manifestations, including interstitial lung disease [23].

e The North American guideline group concluded that there was sufficient evi-
dence to suggest rituximab in those patients for whom conventional therapies,
including immunomodulators, had proven insufficient. They recommended that
it was considered for those with a range of systemic complications, including
vasculitis, severe parotid swelling, inflammatory arthritis, pulmonary disease
and peripheral neuropathy [24, 25].

e The most recent European guidelines have suggested Rituximab may be consid-
ered for patients with severe, refractory systemic disease, especially those with
cryoglobulimaemic vasculitis [26].

7.4 Belimumab

e Treatment with B-cell depleting agents results in up-regulation of B lymphocyte
activating factor (BAFF). This may partially explain the disappointing outcome
of the rituximab studies [27].

e Belimumab is a fully human monoclonal antibody targeting BAFF and has been
trialled and approved for use in SLE. A small open-label study of Belimumab in
patients with active SS recruited 30 patients and demonstrated a small but signifi-
cant improvement in the ESSDAI score from baseline. The effect was most
marked in the glandular domain [28]. There are theoretical reasons to support the
combination use of rituximab and belimumab and some evidence of efficacy in a
single reported case [29, 30].

e Belimumab is currently being studied in combination with rituximab, with the
latter being used to induce B-cell depletion and belimumab being utilised to
maintain the effect. In the meantime, the European guidelines have suggested
Belimumab as rescue therapy in those with severe systemic disease refractory to
conventional immunosuppression and rituximab [26].

7.5 Abatacept

e Abatacept blocks the CD28:CD80/CD86 T cell co-stimulatory pathway and is an
established safe and effective treatment for RA [31]. An initial open-label pilot
study of abatacept in 11 patients with primary SS showed a reduction in glandu-
lar inflammation and improvement in salivary flow [32].

* A subsequent open-label proof of concept study in 15 patients found that the
drug was well tolerated with improvement in fatigue and health-related quality
of life measures. Despite this, there no change in objective measures of glandular
function over a 24-week treatment period [33].
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e A longer-term open-label prospective observational study of 11 patients on
abatacept for 24 months showed small but statistically significant improvements
in salivary flow and ESSDAI score but no improvement in fatigue or ocular
symptoms or signs [34]. However, a recent randomised double-blind study of
abatacept in 80 patients with SS—The ASAP III study—showed no difference in
the primary outcome of between-group difference in ESSDAI score at week 24,
leading the authors to conclude that they could not recommend abatacept as a
treatment for SS [35].

7.6  Anti-CD40 and Anti-CD40 Ligand

e The co-stimulatory molecule CD40 and its ligand have been identified as poten-
tial therapeutic targets in SS [36]. CD40 is found on multiple cell types, includ-
ing B-cells. Interaction between CD40 and its ligand, CD40L, on the surface of
both T cells and activated B-cells causes B-cell activation and is instrumental in
the germinal centre formation, T cell activation and cytokine release [36].

e Anin-vitro study found higher CD40 expression in patients with SS compared to
controls, and CD40L staining was noted on infiltrating lymphocytes within their
salivary glands [37]. All of this points to arole for CD40-CD40L in SS. Supporting
this view lockade of CD40L in mouse models significantly ameliorates autoim-
munity [38].

e In early trials in SLE treatment with anti-CD40L reduced levels of dsDNA anti-
bodies, increased complement levels and reduced glomerular inflammation but
was associated with an increase in thrombotic events [39].

e Iscalimab (also known as ZF-533) is a fully humanised anti-CD40 monoclonal
antibody that blocks CD40. In a phase II placebo-controlled RCT of 44 patients,
Iscalimab was shown to be safe and well tolerated with a measurable biological
effect on the germinal centre formation and improvements in the ESSDAI and
ESSPRI in the treated cohort [40].

7.7 Epratuzumab

e Epratuzumab, a human anti-CD22 monoclonal IgG antibody, was first trialled in
an observational study in SS [41]. In this small, open-label study, 16 patients
were enrolled to receive up to four infusions of epratuzumab. Reductions of up
to 50% were seen in B-cell levels, with just over half of patients achieving a
clinical response. Statistically, significant improvements were seen in fatigue
and patient and physician global assessments. These findings, combined with
those seen in open-label studies in patients with SLE led to the Phase III
EMBODY I and II trials investigating the effects of epratuzumab in moderate to
severe SLE [42]. Unfortunately, neither showed a benefit for epratuzumab over
placebo despite a documented effect on B-cell populations with a median reduc-
tion of 30-40% in peripheral B-cell levels.
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e A subsequent post hoc analysis looked in detail at the 113 patients who were
both anti-Ro positive and had a diagnosis of SS [43]. They noted that this sub-
group had a faster reduction in B-cell numbers with evidence of increased B-cell
sensitivity and a higher proportion showing a clinical response to treatment with-
out an increase in adverse events. There are currently no ongoing studies of
Epratuzumab in either Sjogren’s or SLE.

7.8  Anti-TNF Therapy

e Infliximab was initially reported as being beneficial on the basis of two open-
label studies [44, 45], but both of these apparently positive studies were subse-
quently retracted because of evidence that methodological errors had led to the
wrong conclusions [46]. A small, open-label study of 15 patients given weekly
subcutaneous etanercept showed no improvement in salivary or glandular func-
tion, and only four of the 15 reported an improvement in fatigue [47].

e A number of randomised double-blind controlled trials were undertaken in light
of the initially positive published results from the open-label studies. These
failed to show either clinical or serological improvement with etanercept [48] or
infliximab [49]. In light of this, none of the recently published guidelines recom-
mend anti-TNF agents as treatment for primary SS, although they acknowledge
that patients with RA or another CTD can safely receive anti-TNF for their asso-
ciated disease if needed [24, 25].

7.9 JAK and BTK Inhibitors

e Janus kinases (JAKSs) are protein tyrosine kinases constitutively bound to cyto-
kine and growth factor receptors. Following cytokine binding, they phosphory-
late a tyrosine residue on the receptor, and the resulting conformational change
allows binding of signal transducer and activation of transcription (STAT) mol-
ecules. Subsequent phosphorylation of the STAT molecules allows them to
dimerise and then translocate to the nucleus, where they promote gene transcrip-
tion [50]. Inhibition of the JAK/STAT pathway suppressed expression of IFN-
related genes and BAFF in both a mouse model of SS and human salivary gland
epithelial cells in-vitro [51]. There are a number of studies underway looking at
JAK inhibitors in SS, but none has reported clinical benefit to date.

e Bruton Tyrosine Kinase (BTK) is a cytoplasmic tyrosine kinase and a member of
the Tyrosine-protein kinase (TEC) family. It is selectively expressed on cells of
both the adaptive and innate immune system, including B-cells, macrophages,
thrombocytes, mast cells and basophils. BTK inhibition has been shown to be
effective in B-cell malignancies [52], and interest is growing in its potential use
in B-cell driven autoimmune diseases [53]. LOUO64 is a novel covalent BTK
inhibitor that has shown in-vitro selectivity against relevant kinases with high
potency and efficacy in preclinical models of inflammation [54], and Phase II
clinical trials are underway.
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7.10 Tocilizumab

Tocilizumab is a humanised IgG1 monoclonal antibody against the human interleu-
kin-6 (IL-6) receptor. There were initial case reports of patients with SS responding
to treatment with tocilizumab with improvement in salivary and lachrymal flow
rates, and reduction of inflammatory infiltrates on minor salivary gland biopsy in
one case [55] and improvement in SS associated myelitis in another [56]. A subse-
quent multi-centre, double-blind RCT of 110 patients failed to show any clinical
advantage of tocilizumab compared with placebo over a six-month study period [57].

7.11  Novel Biologics and New Molecules

* There have been preliminary reports of benefit with a number of novel biologics
and new molecules but no conclusive trials to date.

e Janalumab (VAY736) is a monoclonal antibody that both depletes B-cells and
blocks BAFF receptors, thus potentially circumventing the amplified BAFF
response seen post-B-cell depletion with other agents such as rituximab. A Phase
II study in a small cohort of patients demonstrated significant and sustained
B-cell depletion with some clinical benefit [58]. A subsequent multi-centre pla-
cebo-controlled RCT confirmed clinical efficacy and safety and further analysis
is underway [59].

e RSLV-132is an as yet un-named drug comprising RNasel fused to the Fc region
of IgG1. It promotes digestion of RNA-associated immune complexes reducing
Toll-like receptor (TLR) activation. The downstream effect of this is reduced
type 1 interferon (IFN), reduced B-cell activation and reduced autoantibody pro-
duction. In Phase II study RSLV-132 appeared safe and well tolerated. There was
no measurable effect on ESSDALI, but there did appear to be a reduction in both
physical and mental fatigue in the treatment group [60]. In both of these cases,
more studies are needed to confirm clinical benefit.

* Inhibition of T cell B-cell interactions is a potential therapeutic strategy for SS
[4]. ALPN-101 is an Fc fusion protein of a human inducible T cell co-stimulator
ligand (ICOSL) variant immunoglobulin domain (vIgD™) designed to inhibit
simultaneously the CD28 and ICOS co-stimulatory pathways. In-vitro ALPN-101
has been found to suppress a wide variety of pro-inflammatory cytokines released
from stimulated PBMCs from both SS patients, and healthy controls and trials
are planned [61].

* Another novel agent, MEDI5872, a fully humanised Anti-ICOS Ligand mono-
clonal antibody, interferes with the inflammatory pathways by binding to ICOSL
[62]. In a small placebo-controlled Phase II RCT, a reduction in rheumatoid fac-
tor levels was noted in the treatment group, but no change was seen in clinical
parameters [62].
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7.12 Conclusion

To date, Biologic use in SS has been disappointing. Rituximab showed early prom-
ise, but the two largest trials to date failed to reach their primary endpoints, although
rituximab is still recommended in those with specific organ-threatening disease.
There is ongoing worldwide research into the underlying pathogenesis of SS, and
new therapeutic targets are being identified and tested.
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Clinical Vignette:

A 55-year-old female with newly diagnosed diffuse cutaneous systemic sclerosis
(dcSSc) presents to your office. Her symptoms of puffy hands began 1 year ago. She
is primarily concerned with her rapidly progressive skin thickening and denies dys-
pnea with exertion or at rest. Physical exam shows a modified Rodnan Skin Score
(mRSS) of 20/51. Serological evaluation shows a positive anti-SCL-70 antibody;
C-reactive protein is elevated at 1.2 mg/dL. Her spirometry shows a normal total
lung capacity, a forced vital capacity percent predicted (FVC%) of 85%, and a dif-
fusion of carbon monoxide (Dlco%) of 80%. High resolution chest CT imaging
(HRCT) shows mild interstitial lung disease (ILD) with visual read estimate of 5%
fibrosis. Her clinical presentation prompts consideration for a biologic therapy.

8.1 Introduction

Systemic sclerosis (SSc) is an idiopathic autoimmune disease; the pathobiology of
this disease involves serological evidence of autoantibody production, vasculopa-
thy, and increased extracellular matrix deposit and fibrosis [1]. Morbidity and mor-
tality of SSc vary based on the extent of cutaneous and visceral organ involvement
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[2, 3]. In the last three decades, improved phenotyping of patients, clinical trial
methodology, and the development of scleroderma centers of excellence have led to
improved evaluation and management of the disease [4—6]. Increasing understand-
ing of the immunologic dysregulation in this disease, in the setting of modest ben-
efit of conventional cytotoxic immunosuppressants, provides the impetus for
targeted approaches using biologic therapy aiming to marshal treatment options to
those unable to tolerate or who are refractory to conventional medications.

8.2  Rationale for Biologics in Systemic Sclerosis

Clinical features of SSc that impact patient quality and quantity of life span several
organ systems: cutaneous thickening with resulting joint contractures, calcinosis of
the skin, gastrointestinal involvement affecting any portion of the GI tract, cardiac
and lung fibrosis, pulmonary arterial hypertension, digital vasculopathy, and sclero-
derma renal crisis. Organ fibrosis occurs from dysregulated immune responses,
such that increased fibroblast activation and trans-differentiation of stromal cells
into activated, apoptotic-resistant myofibroblasts that overproduce collagen [7, 8].
Decades of molecular pathophysiology provide rational targeting of key pathways
that lead to fibrotic organ damage. Traditional SSc therapies include cytotoxic med-
ications, aiming to impair the activation, migration, or differentiation of immune
cells and their mediators. The advent of biologic therapy and targeted small mole-
cule disease-modifying anti-rheumatic drugs aim to achieve the same end, without
the limiting side effects associated with cytotoxicity. Specifically, inflammatory/
immune and fibrotic pathways have been the target of SSc research, focused on
inhibition of T cell activation and production of B cells and their downstream
effects, interfering JAK-STAT pathways, and abrogating known pro-fibrotic media-
tors like TGF-f, IL-6, IL-4, and IL-13. In this overview, we provide evidence for the
biologic agents used in the treatment of SSc to achieve low disease activity
(Table 8.1).

8.3  Abatacept

e T cells are present in active skin disease in patients with SSc, expressing pro-
fibrotic cytokines [26, 27]. Abatacept inhibits a key T cell co-stimulatory path-
way, blocking CD28:CD80/CD86 (also called B7-1 and -2), dampening T cell
receptor activation. It is approved for the treatment of moderate to severe rheu-
matoid arthritis [28]. This medication has shown benefit in scleroderma-related
disorders like localized scleroderma and morphea profunda [29, 30].

e A small study of ten dcSSc patients (seven on abatacept, three on placebo) dem-
onstrated a significant improvement in mRSS in those on abatacept (—8.6 vs.
—2.3) at 24 weeks [31]. The Abatacept Systemic SclErosis Trial (ASSET trial)
was a Phase II, 88 patients, multi-center, investigator-initiated, randomized, dou-
ble-blind, placebo-controlled study evaluating the safety and efficacy of abata-
cept in patients with early dcSSc [9]. In this population of early dcSSc patients
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with active skin disease, the primary endpoint of change from baseline in mRSS
at 12 months was not met when compared to placebo (—6.24 + 1.14 in the treat-
ment arm and —4.49 + 1.14 in the placebo arm). Patients in the treatment arm did
improve in terms of HAQ-DI (health assessment questionnaire-disability index)
and the American College of Rheumatology Combined Response Index in
Systemic Sclerosis (ACR CRISS) [32]. Importantly, a comparison of treatment
and placebo arms in gene expression subsets based on skin biopsy revealed sig-
nificant changes in the mRSS in those with inflammatory and “normal-like” skin
gene expression subsets, but not in those with a fibroproliferative gene expres-
sion pattern.

e The ability to use intrinsic skin gene expression subsets to predict response to
targeted biological therapy marks a step towards highly personalized, effective
treatment in SSc. A key determinant in this medication’s role in SSc therapy will
depend on the successful targeting of the inflammatory subset in a Phase I1I trial.

8.4 Brentuximab Vedotin

Patients with SSc have predominant T Helper Type 2 (Th2) cytokine expression
with pro-fibrotic IL-4 and IL-13 as putative mediators in disease pathogenesis.
Activated Th2 cells also consistently express CD30, which has been found at ele-
vated levels in patients with dcSSc [33]. CD30 protein is increased on certain types
of cancer cells and brentuximab vedotin is an antibody—drug conjugate aimed at
CD30 with benefit demonstrated for T cell lymphoma. It is approved for use in sys-
temic anaplastic large cell lymphoma and certain cutaneous T-cell lymphomas [12].
This medication is currently being studied in a phase I/II trial (NCT03222492) in
early dcSSc [34].

8.5 Belimumab

e Serum levels of B cell activation factor (BAFF) are elevated in SSc patients, cor-
relating with skin involvement, as well as evidence of elevated BAFF mRNA
found of SSc skin biopsies [35]. Belimumab is a fully human monoclonal anti-
body targeting BAFF, causing B lymphocyte apoptosis, decreased activation, and
limited autoantibody production. It is approved for treatment-refractory autoan-
tibody-positive systemic lupus erythematosus [36].

e A phase II double-blind randomized control trial of 20 patients compared belim-
umab with placebo as add-on therapy to mycophenolate mofetil in patients with
dcSSc, showing numerically greater reduction in mRSS in the treatment arm but
not significantly so [14]. Importantly, serial skin biopsies demonstrated a reduc-
tion in gene expression associated with B lymphocytes and fibrosis, consistent
with the mechanism of action expected for this medication. NCT03844061 is an
ongoing clinical trial, combining rituximab and belimumab compared to stan-
dard of care with mycophenolate mofetil in patients with dcSSc [37].



92 D. Roofeh et al.

8.6 Inebilizumab

e CD19 is a surface marker of B cells, expressed throughout B cell development.
CD19 is overexpressed in SSc patients and participates in B cell activation.
Inebilizumab (MEDI-551) is a novel B cell-depleting humanized monoclonal
antibody which targets CD19 and exerts its effects notably through an antibody-
dependent cellular cytotoxicity. The safety and clinical impact of inebilizumab
have been evaluated in patients with either IcSSc or dcSSc. Twenty-eight sub-
jects were enrolled in this phase I, randomized, placebo-controlled, escalating
single-dose study, with 24 receiving a single dose of inebilizumab and 4 receiv-
ing placebo [15]. Adverse events were recorded in 95.8% of subjects with active
therapy and 75% in the placebo group. The majority of these adverse events was
considered mild or moderate.

* Two serious adverse events were possibly related to inebilizumab. Numerical
impact of inebilizumab on mRSS was observed, as mean mRSS change from
baseline to day 85 was —5.4 (+4.2) in the active therapy group, versus +2.3 (+6.1)
in the placebo group. These results on skin involvement need to be confirmed in
a homogeneous population of well selected SSc patients, especially including
early dcSSc.

8.7 Rituximab

e Rituximab is a chimeric monoclonal antibody targeting CD20 that causes B cell
depletion; it has indications for use in both oncology (non-Hodgkin’s lymphoma,
chronic lymphocytic leukemia) and rheumatology (treatment-refractory rheuma-
toid arthritis, granulomatosis with polyangiitis) [38]. This medication offers
increasingly substantive evidence based therapy for SSc [39-42].

* An open-label, randomized, controlled trial of head-to-head rituximab vs.
monthly pulse cyclophosphamide in a population of 60 early, treatment-naive,
anti-SCL-70+, dcSSc with ILD patients examined the benefit of rituximab on
FVC% predicted as its primary endpoint and mRSS as one of its secondary end-
points. Patients in the cyclophosphamide group received 500 mg/m? cyclophos-
phamide IV pulses every 4 weeks for 24 weeks; patients in the rituximab group
received two rituximab pulses of 1000 mg at 0 and 15 days. The rituximab arm
had improved FVC% at the end of 6 months (improved, 61.3-67.5%) while the
cyclophosphamide group did not (59.3-58.1%). Those in the rituximab arm had
a significantly reduced mRSS compared to those in the cyclophosphamide arm
(=9.67 vs. =5.5, <0.001) [42].

* A recent meta-analysis identified 13 studies analyzing cutaneous response and
12 studies identifying pulmonary function response (a total of 597 participants);
their results showed long-term improvement in mRSS and stabilization of the
FVC and Dlco [43]. A meta-analysis focusing specifically on rituximab’s effect
on SSC-ILD, identifying 20 studies examining lung function parameters (a total
of 575 participants), found rituximab was not just associated with stabilization,
but rather a significant improvement in FVC, DLCO during the first year of treat-
ment [44].
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e A recent observational study based on the prospective multi-center EUSTAR
(European Scleroderma Trials and Research group) cohort including 254 SSc
patients with rituximab and 9575 propensity-score matched patients has high-
lighted that rituximab was associated with improvement of skin involvement
with no significant effect on pulmonary involvement [40]. A dedicated RCT is
needed to properly explore the effects of rituximab on skin and lung involve-
ment in SSc. A recent trial investigating the role of rituximab in the treatment
of pulmonary arterial hypertension (PAH) (NCT01086540) showed it to be
safe and demonstrated promising data warranting further investigation in
PAH [45].

8.8 Rilonacept

IL-1p may participate in pathologic fibrosis and myofibroblast differentiation [46].
Rilonacept blocks IL-1 signaling, preventing IL-1’s interaction with cell surface
receptors. Efficacy and safety of rilonacept were evaluated in a 6 week randomized,
double-blind, placebo-controlled trial in patients with dcSSc. Nineteen patients
were randomized 2:1 active treatment:placebo in this phase I/II biomarker trial. At
week 7, Rilonacept had neither significant effect on the primary endpoint of this
study, i.e., skin gene expression as a surrogate marker for mRSS, nor on secondary
endpoints such as mean change of mRSS score from baseline [18]. The limited
sample size and short duration of this trial may limit conclusions regarding the effi-
cacy of targeting IL-1 signaling in SSc.

8.9 Romilkimab

Romilkimab (SAR156597) is an immunoglobulin-G4 antibody simultaneously tar-
geting IL-4 and IL-13, two key Th2 cytokines that promote the fibrotic manifesta-
tions of SSc. The efficacy and tolerance of romilkimab have been assessed in a
24-week, phase II, proof-of-concept study in patients with early deSSc [19]. The
primary endpoint was change in mRSS score from baseline to week 24. Romilkimab
demonstrated significant improvement in skin change (least-squares mean (SE)
change was —4.76 (0.86) for romilkimab versus —2.45 (0.85) for placebo. These
encouraging results from this proof-of-concept study require confirmation in a dedi-
cated phase III trial. The impact of romilkimab on visceral manifestations of SSc
such as lung or cardiac involvement is still to be determined.

8.10 Tocilizumab

e IL-6 plays an important role in SSc pathophysiology [47]. Its serum concentrations
differ depending on disease duration; early phase dcSSc patients have higher IL-6
than those who have had the disease for over 3 years [48]. Additionally, patients
with deSSc-ILD have higher serum concentrations than those without lung disease
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[49]. Tocilizumab is an anti-IL6 receptor monoclonal antibody, preventing IL-6
from binding to the IL-6 receptor and indicated for the treatment of adult patients
with rheumatoid arthritis, giant cell arteritis, polyarticular juvenile idiopathic
arthritis, and systemic juvenile idiopathic arthritis among others [50]. Two large
double-blind randomized control trials (faSScinate study, NCT01532869; focuSS-
ced study, NCT02453256) studied its effect on patients with early, inflammatory
dcSSc [20, 21]. Both studies failed to reach statistical significance in terms of their
primary endpoint, change in mRSS. Importantly both showed attenuation of the
FVC decline over 48 weeks, not seen in the placebo arm.

e Tocilizumab should be considered in early (within 5 years of the first non-
Raynaud’s phenomenon) dcSSc-ILD with elevated acute-phase reactants and
progressive skin disease [6, 51]. This presents an important point of departure
from previous thinking, with an aim to prevent decline of lung function before it
happens, rather than waiting until patients show clinical symptoms and a func-
tional decline to initiate cytotoxic therapy.

8.11 Tofacitinib

JAK-STAT pathways represent intracellular signaling targets in several autoimmune
diseases. SSc patients have increased activation of JAK?2 found in dermal fibroblasts
on skin biopsy, and inhibition of JAK2 prevented myofibroblasts differentiation and
normalized release of collagen in cultured SSc fibroblasts [22]. JAK2 inhibition also
limits pro-inflammatory and pro-fibrotic mediators released by macrophages [52].
The pan-JAK inhibitor tofacitinib is indicated for the treatment of adult patients
with rheumatoid arthritis, psoriatic arthritis, and ulcerative colitis [53]. It was
recently tested in a phase I/II study in early dcSSc, conducted in a double-blind
randomized placebo-controlled trial fashion over 6 months; the medication was
well-tolerated and had a signal of efficacy in terms of the mRSS and CRISS [54].

8.12 Intravenous Immunoglobulin

Intravenous immunoglobulin modulates the pathological immune responses in
those with autoimmune diseases of several disciplines (e.g., rheumatology, hema-
tology, dermatology, and neurology) [23]. IVIG is the collation of pooled serum
IgG from blood donors. The purported mechanism includes both the FAB and the
FC fragments: neutralizing autoantibodies, inhibiting inflammatory mediators,
impairing monocyte/macrophage activation thus impairing key pro-fibrotic path-
ways, and blocking FC receptors on the surface of B cells [24, 25, 55]. Observational
studies have shown significant improvement in skin score reduction, treatment-
refractory arthritis, gastrointestinal disease, myopathy, and even lung disease [56—
61]. A multi-center, double-blind randomized trial of IVIG in dcSSc failed to show
a significant difference in mRSS at 12 weeks, following 400 mg (8 mL)/kg/day for
5 consecutive days (a single course); non-responders (mRSS changed <5 points)
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received a second round of IVIG, and those receiving two doses were found to have
significant improvement at 60 weeks after the first administration compared to one
round [62]. Results of a multi-site trial comparing IVIG (2 g/kg/month) vs. placebo
for 6 months (NCT01785056) have been completed but is not yet publicly avail-
able [63].

8.13 Clinical Practice

At the University of Michigan Scleroderma Program, our clinical practice incorpo-
rates biologic therapies based on data from clinical trials and observational studies
support the use of IVIG [6]. We utilize IVIG in those who have progressive skin and
musculoskeletal worsening (with or without scleroderma myopathy or inflamma-
tory myopathy) in early dcSSc, despite worsening on traditional immunosuppres-
sive therapies. Current data do not support use of other biologics for use for
progressive skin involvement but this may due to molecular heterogeneity, as shown
in the ASSET trial. For SSc-ILD, we usually initiate traditional immunosuppressive
therapies such as mycophenolate mofetil and add rituximab or tocilizumab, if they
have progressive disease. The data from a single-center trial on rituximab and two
randomized controlled trials in patients with early dcSSec, inflammatory features,
high risk of progressive disease with early ILD (as secondary end point) on tocili-
zumab support use of these therapies in a treatment naive population. The rituximab
data needs to be validated in a double-blind trial. In our practice, in a subset with
dcSSc and elevated acute-phase reactants, we initiate tocilizumab in treatment naive
patients although they usually have concomitant inflammatory arthritis since tocili-
zumab is not approved for SSc-ILD. We also employ biologics for inflammatory
polyarthritis, as done in rheumatoid arthritis. Other therapies mentioned above (e.g.,
belimumab, brentuximab vedotin, rilonacept, inebilizaumab, romilkimab) do not
have sufficient data to employ in clinical practice.

8.14 Summary

* SSc pathophysiology is multifactorial and no one pathway or therapy is likely to
promise a low-disease state [64]. Immunosuppressive treatments fail to provide
lasting, disease-modifying properties. These shortcomings may be a combina-
tion of challenges in clinical trial design, poor efficacy of medical therapy, limi-
tations to cohort enrichment, dearth of trial outcome measures sensitive enough
to detect change, or a combination of all these. Nevertheless, field is moving
toward targeted immunological and non-cytotoxic therapies to improve out-
comes for this impairing and sometimes deadly disease.

e These newer therapy options are increasingly being understood in the context of
three hopeful treatment goals: (1) identifying patients in an early disease state
and initiating therapy to prevent advanced disease if the benefit outweighs the
risks; (2) secondary prevention in those with clinically impactful disease; and (3)
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patients with progressive disease should receive therapy prior to advanced dis-
ability or loss of function.

The modern era of SSc treatment may be understood by considering the vignette
at the start of this review. A patient in her mid-50s presenting with early dcSSc-
ILD, an mRSS 20/51, and preserved FVC% and DIlco%, with elevated inflamma-
tory markers: her therapy options at one point would include cyclophosphamide
or mycophenolate mofetil, typically started based on advancing skin disease or
once SSc-ILD has become clinically impactful to the patient (or prior to that if
treating advancing skin disease). Recent Food and Drug Administration approval
has been given to tocilizumab to slow the rate of decline in pulmonary function
in patients with SSc-ILD, based on the results of the faSScinate (NCT01532869)
and focuSSced (NCT02453256) trials [65]. In this case, there are data to support
the early intervention aimed at attenuating an inflammatory disease state and
potentially halting progression to a fibrotic state, preserving lung function [66].
In an alternative scenario, where a SSc-ILD patient with considerably more
fibrotic lung disease presents with absence of active skin or musculoskeletal
involvement, the recently FDA-approved antifibrotic medication nintedanib has
demonstrated efficacy toward goal (2), preservation of lung function without the
known side effects of cyclophosphamide or mycophenolate mofetil [67]. The
advent of biologic therapy also allows for a patient with SSc-ILD and significant
skin disease to consider rituximab therapy, which may be an attractive option
when compared to other therapies in terms of side effects (cyclophosphamide
with teratogenicity, premature ovarian failure, cytotoxicity) or medical adher-
ence to twice daily therapy (mycophenolate mofetil). Finally, future studies are
needed to establish how biologic and newer therapies fit into treatment para-
digms to achieve goal (3) for those with progressive or treatment-refractory dis-
ease [6]. Understanding of the molecular heterogeneity will aid in targeted
therapies for this multisystem disease.
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Biologics in Idiopathic Inflammatory 9
Myopathies

Rudra Prosad Goswami and Uma Kumar

9.1 Introduction

Idiopathic inflammatory myopathies (IIMs) comprise diverse autoimmune systemic
diseases characterised by chronic skeletal, muscular inflammation [1]. Treatable
subtype of IIM include (juvenile) dermatomyositis ((j)DM), antisynthetase syn-
drome (ASS), immune-mediated necrotizing myopathy (IMNM) and overlap/non-
specific myositis [OM/NSM, formerly called polymyositis (PM)]. Treatment of
Idiopathic inflammatory myositis (IIMs), is not only long and often arduous but is
also stymied by a general lack of guidelines or therapeutic algorithms available and
updated readily and regularly as for other rheumatologic diseases such as rheuma-
toid arthritis or systemic lupus erythematosus. Corticosteroids have traditionally
been used as the first-line agent along with other agents like methotrexate, cyclospo-
rine, azathioprine, mycophenolate mofetil and rituximab [2, 3]. Often, either in case
of non-responsive patients or in recurrent flares, biologics are employed. In this
chapter, we will summarise the evidence and practices of the biologics already in
use and those in the pipeline in the treatment of IIMs (not including inclusion body
myositis, IBM).

Despite various completed and ongoing trials, issues regarding patient composi-
tion, sample sizes, heterogeneity with regards to inclusion and exclusion criteria and
most important, outcome measures have hampered uniform interpretation of myo-
sitis clinical trials and other observational studies. The strongest evidence till date is
for intravenous immunoglobulin (IVIg), rituximab, and abatacept. However, evi-
dence is emerging for other drugs like sifalimumab and other anti-interferon thera-
pies, Janus kinase (JAK) inhibitors and corticotropin injection.
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9.2 Rituximab (Anti-CD 20)

Mechanism of Action and Evidence

e Rituximab, a monoclonal antibody targeting the CD-20 molecule on B lympho-
cytes, depletes peripheral blood B cell lineage up to plasmablasts and not only
depletes B cells and reduces total and autoimmune antibody levels but also affect
antigen-presenting function of B cells. Other major mechanisms of action of
rituximab are altered B cell signal transduction through interaction at the lipid
raft level; apoptosis of B lymphocytes; complement-dependent and antibody-
dependent cell-mediated cytotoxicity (ADCC) [4]. It is well known that plasma
cells play amajorrole in the pathogenesis of IIMs, especially DM. Autoantibodies,
though not ubiquitously, are well-recognised features of the disease process.
Increased intramuscular perivascular localisation of B cells are observed in many
patients with DM, along with evidence for B cell-driven upregulation of inter-
feron production and signalling, as well as antibody production and antigen pre-
sentation to T cells [5-7]. Evidence of use of rituximab in IIMs comes from the
RIM trial [3]. This was a double blind randomised placebo controlled delayed
start trial. Trial population included both adult PM/DM and jDM patients.
Patients with refractory myositis were included. Definition of refractory myositis
was intolerance or partial response to glucocorticoids and at least another second
immunosuppressant like methotrexate, mycophenolate, azathioprine, cyclophos-
phamide, cyclosporine, tacrolimus, intravenous immunoglobulin [IVIG], etc.
“Adequate” glucocorticoid dose was either 60-mg/day prednisolone equivalent
(adults) or 1-mg/kg/day prednisolone equivalent (jDM) for >1-month. The dura-
tion criterion for the second immunosuppressant was 3 months. A muscle weak-
ness criterion was bilateral Manual Muscle Testing 8 (MMT-8) <125 for adults
along with two other International Myositis Assessment and Clinical Studies
Group (IMACS) core set measures. For jDM, weakness criteria were similar,
except if MMT-8 was exactly 125, then a third core set measure was needed for
inclusion. The other cores set measures were: (1) Global assessment of disease
activity by visual-analogue-scale (VAS) >2 mm (patients’ or parents’); (2) phy-
sician’s global assessment VAS >2 mm; (3) Health Assessment Questionnaire
(HAQ) or Childhood HAQ (C-HAQ) >0.25; (4) elevated muscle enzyme >1.3
upper limit of normal; (5) Global extramuscular disease (investigator’s compos-
ite of skeletal, constitutional, gastrointestinal, cutaneous, pulmonary, and cardiac
scores of the Myositis Disease Activity Assessment Tool [MDAAT]) activity
score >1.0 cm. The two treatment arms were: the early group (rituximab at
weeks 0 and 1) and the late group (rituximab given at weeks 8 and 9). The pri-
mary outcome measure was time to achieve the preliminary IMACS definition of
improvement (DOI).

e Overall 195 IIM patients (75 with PM, 72 with DM, and 48 with jDM) refractory
to steroids and an average of 2 other immunosupressive drugs were included in
the trial. The median time to achieve a DOI in the early treatment arm was 20
weeks (n = 93) and in the late treatment arm was 20.2 weeks (n = 102). This
represents no significant difference, and the trial did not meet its primary end
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point. But the most important statistic available from the RIM is that 161/195
(83%) of the entire study population achieved the DOI by 44 weeks. Interestingly
the authors provided data for retreatment in some patients. Nine patients were
retreated with rituximab out potential 17. The time to relapse was 16.5 weeks on
average. Eight of the relapsed patients achieved repeat DOI after a mean of 19.9
weeks. This was the first and currently, the only randomised controlled trial
(RCT) providing evidence of rituximab in the treatment of refractory IIMs and
jDM. Several sub-studies were later published. The authors showed that patients
with baseline higher interferon expression and positive Mi-2 autoantibody
expression had a better clinical response [8]. In another analysis, and particularly
in the absence of the interferon chemokine score, which is still a research tool,
presence of anti-Jo-1 (hazard ratio (HR): 3.08), anti-Mi-2 (HR 2.5), jDM (HR
2.45) and lower damage score (HR 2.32) predicted a favourable outcome [9]. For
cutaneous disease in DM, significant improvements were noted in both arms of
rituximab regimens, but faster resolution was noted in the early treatment arm [9].

Dose children with a BSA < 1.5 m? 575 mg/m? (0, 1 week); adults and children
with a BSA > 1.5 m? 750 mg/m? (0, 1 week); max dose 1 g per infusion

Mode of Administration IV infusion

Frequency weeks 0, 1; repeat courses as per clinical guidance (generally not
before 4-6 months)

Duration Evidence available for up to 1 year

Indication Refractory myositis

Can Be Used in JDM Yes

Adverse Effects Common: Infusion reaction; Infections (urinary tract, upper and

lower respiratory tract, skin and soft tissue, herpes zoster); Less common:
Hypogammaglobulinemia; Leucopenia; Fungal infections

9.3 Abatacept (CTLA-4 Agonist)

Mechanism of Action and Evidence

e Activated cytotoxic and helper T cells occupy a central role in the pathology and
pathogenesis of IIMs. Abatacept acts by engaging co-receptor molecules
expressed on effector T cells (CD80/86) and downregulating these and thereby
suppressing T-cell activation, proliferation, and effector function [10]. Apart
from this, abatacept also decreases the antigen-presenting capability of myo-
cytes, inhibits macrophage migration and function, and decreases pro-inflamma-
tory cytokines expression especially, interleukins (IL-) 6, and TNF-alpha [11].
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e A phase 2b randomised, multicentre, delayed start trial has recently been pub-
lished [12]. This trial included 20 patients with refractory IIM (9 patients with
DM, the rest 11 with PM). The definition of refractory disease in this trial was
the presence of active disease (Manual Muscle Test (MMT-8) <150) or low
endurance (Functional Index for myositis (FI-2) <20% of upper limit), with ele-
vated enzymes, recent biopsy evidence of active inflammation or MRI findings
consistent with inflammation, or active extramuscular disease, while on ongoing
treatment with glucocorticoids (>0.5-mg/kg/day prednisolone equivalent for
more than a month) and a second immunosuppressant (either methotrexate
(=15 mg/week) or azathioprine (>100 mg/day) for more than 3 months). Patients
were randomised to receive either immediate treatment or delayed start, i.e. after
3 months. The primary outcome measure was IMACS DOI at 6 months which
was achieved by eight patients. The authors also observed a parallel increase in
regulatory T cells in repeat muscle biopsy samples concomitant with clinical
improvement. Certain parameters, like the global physician health, muscle
enzyme and cardiovascular disease activity, fared better in the active early treat-
ment arm. The drug was well tolerated.

e Similar results were reported from a sub-study of the ongoing ARTEMIS trial,
with similar inclusion criteria and the authors reported that 7/12 patients had
DOI at 6 months. The authors also suggested that CD4/CDS ratio in blood sam-
ple may be a biomarker of treatment efficacy.

Dose <60 kg: 500 mg, 60-100 kg: 750 mg; >100 kg: 1000 mg

Mode of administration IV infusion

Frequency weeks 0, 2,4, 8, 12, 16, 20, 24.

Duration Evidence available for up to 6 months

Indication Refractory myositis

Can Be Used in JDM Trial data not available, anecdotal evidence available
Adverse Effects Generally considered to be one of the safest biologics in terms of
infections: pneumonia, skin and soft tissue infections and urinary tract infection and
some reports on opportunistic infections like Mycobacterium tuberculosis,
Aspergillosis, blastomycosis, and systemic candida infections are available from
non-IIM studies; (0.01); Common: infusion reaction, headache; Uncommon: induc-

tion of autoimmune reactions: mostly mild to moderate, psoriasis being the most
common; worsening of chronic obstructive pulmonary disease
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9.4 Intravenous or Subcutaneous Imnmunoglobulin
(IVig/sClg)

Mechanism of Action and Summary of Evidence

e Intravenous (and more recently subcutaneous) immunoglobulin preparations
(IVIg/Sclg) work in various immunological diseases through multiple and often
poorly defined mechanisms such as blocking cellular receptors, neutralisation of
cytokines, complements, and autoantibodies (Fab dependent mechanisms) and
blockage of activating Fcy receptors and modulation of activation of activating
versus inhibiting Fcy receptors and selective upregulation of inhibiting Fcy
receptor FcyRIIB (Fc portion dependent mechanisms), etc. [13] There are mul-
tiple other mechanistic evidences which are closer at home when talking about
idiopathic inflammatory myositis like decreasing deposition of complements and
membrane attack complexes on capillaries as well as muscle fibres [14], down-
regulation of transforming growth factor (TGF-B) expression on muscle fibres
[15], and downregulation of expression of adhesion molecules on myocytes and
capillaries [16].

e The major study of any drug other than glucocorticoids shown to be effective in
IIMs was on IVIg. This was shown in the pivotal trial by Dalakas et al. back in
1993 on 15 patients with refractory dermatomyositis (many of which would
actually be classified as jDM nowadays) who were given IVIg (2-g/kg-body-
weight) or placebo monthly for 3 consecutive months in a randomised manner.
Inclusion criteria were clinical active disease, active rash and positive biopsy.
Patients needed to have at least 4—6 months of exposure to non-glucocorticoid
immunosuppressive drugs like methotrexate, azathioprine, or cyclophosphamide
and needed to have either poor response or poor tolerance to these agents to be
eligible. Response was gauged clinically. The Medical Research Council (MRC)
muscle strength score improved from 76.6 to 84.6 in the IVIg group (n = 8) and
remained the same at 76.6 in the placebo group (n = 7). There was a cross—over
portion of the trial after the initial 3 months, thereby increasing the number of
patients in IVIg to 12, of whom 9 with severe disabilities experienced major
improvements. The MRC scores improved from 74.5 to 84.7, an improvement
hitherto almost unattainable in the field of IIM. Among the 11 patients treated
with placebo, none had a major improvement, and 5 patients worsened with sta-
ble disease or mild improvement in the rest. This was the first trial that showed a
marked response of refractory patients with DM to this drug. There were several
later prospective cohorts and one RCT, some of which reproduced this result, and
others provided data to the contrary. Several points need mentioned, like the
continuous use of moderate to high dose steroids in the Dalakas trial, a trend
which was not followed in later studies, patient population heterogeneity and
most importantly, the point in which this drug is introduced and whether the
“Goldilocks period” was lost or not in later studies [17-19]. One RCT later
unsuccessfully used IVIg as first-line therapy in IIM [17].

* A 2012 systematic literature review of adult patients with PM/DM compiled data
from 1985 to 2011 and concluded that given at a dose of 2 g/kg, divided into 2-5
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individual daily doses, once monthly for 3—-6 months, beneficial effects were
notable in refractory, flare-up, rapidly progressive, or severe PM/DM and most
therapeutic benefit are noted among patients with lung involvement and oesoph-
ageal involvement. Some steroid-sparing effect was also observed by the authors
[2]. Despite this, the present authors warn the reader that the majority of the
benefit of IVIg are seen in cases of DM, and there is a dearth of evidence in
favour of its use in OM/NSM/PM are scanty [10]. One Cochrane review sum-
marised evidence of various drugs in DM and found only one eligible study,
discussed above on IVIg. The authors showed a non-significant relative risk of
4.44 of muscle power improvement with IVIg use [20].

e More recently, subcutaneous immunoglobulin preparation (Sclg) has been tested
in several prospective studies [21, 22]. There are several advantages like home
usage, lack of need for vascular access and subsequent reduction of infection
risk, lesser hyperviscosity-related side effects like headache and visual distur-
bance and lower cost [10].

Dose 2 g/kg body weight

Mode of Administration IV infusion/SC infusion
Frequency Monthly

Duration Up to 6 months

Indication refractory myositis/Pharyngeal muscle weakness/Respiratory muscle
weakness/Concomitant infection

Can Be Used in JDM Yes

Adverse Effects One of the safest if not the safest agent to use in terms of infec-
tious side effects and often is used in patients with a concomitant active systemic
infection where high doses of glucocorticoids or other biologics cannot be used;
Common: infusion reactions like headache, fever, or asymptomatic laboratory
changes like increased liver enzymes, dizziness, hypertension (generally mild, but
may be severe, especially with older preparation which was rich with immuno-
globulin A (IgA) given in patients with IgA deficiency, a problem which had largely
been unnoticed with newer IgA poor preparations; these reactions, when occur
could be resolved by reducing the infusion rate or with symptomatic therapy);
Uncommon: aseptic meningitis; thromboembolic complications; hyperviscosity

9.5 Sifalimumab

Mechanism of Action and Evidence
e Sifalimumab is an anti-interferon alpha (IFN-a) monoclonal antibody. Increased
interferon response and interferon gene signature, both systematic and localised
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to muscular tissue, has been described from yesteryears’ studies back in 1980s to
the most recent exponents [23, 24]. Interestingly, both jDM and DM have several
mechanistic pathways common to lupus-like complement activation and vascu-
lar wall deposition of membrane attack complex, lymphocytic infiltration of tar-
get organ, plasmacytoid dendritic cell expression at the target site of inflammation
and consequent type I interferon expression [25]. Recently, a fairly good number
of studies on interferon blocking agents came in lupus, some failed like rontali-
zumab, but others succeeded like sifalimumab and anifrolumab. Recently a trial
on sifalimumab came in the field of IIM [26].

e This was a pharmacodynamic study (phase Ib) in which neutralisation of a type
I IFN gene signature (IFNGS) at blood and muscle level was assessed following
drug exposure. At baseline, 72% of all patients had positive IFNGS. The IFNGS
was suppressed by 53—-66% on the various time points of measurements (4, 8,
and 14 weeks) in the blood (p =0.019) and by 47% (98th day) in muscle. Patients
with 15% or greater improvement in manual muscle testing at day 98 from base-
line showed greater neutralisation of the IFNGS. However, only 8 out of 24
patients experienced such clinical improvement. However, regarding the phar-
macodynamic parameters, which were the primary outcome measure analysed in
this study, this RCT reached its goals and is considered a success. In a subse-
quent sub-study, treated patients showed a significant reduction of several T-cell
associated proteins, especially soluble interleukin-2 receptor chain alpha
(IL-2RA) levels, which, apart from being of pathological importance, and the
reader is drawn to its parallels with lupus, may also serve as a biomarker for
response to therapy [27]. Unfortunately, further development of sifalimumab
was blocked during a later trial on lupus due to an adverse event profile
(NCTO00979654). Recent report of a positive trial of anifrolumab in lupus has
again rekindled hopes of targeting the interferon pathways [28], and trials on
interferon pathways are ongoing, either in the developmental phase or recruit-
ment phase (NCT02980198; NCT03181893).

Dose; Mode of administration; Frequency; Duration; Indication No extant
drug available

Adverse Effects Primarily infections, especially herpes zoster infections, pharyn-
gitis, and other viral infections (mostly available from trials on systemic lupus ery-
thematosus rather than myositis trials)

9.6 Other Biologics

Several other biologics and targeted molecules have been tried PM/DM and are
tabulated in Table 9.1 [29-36]. Of these, only tofacitinib and repository corticotro-
pin injection have some potential and are being actively researched. TNF inhibitors
may have some role, especially in jDM, however paradoxical worsening of myositis
activity, especially dermatomyositis skin rash, is sometimes noticeable.
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Table 9.1 Summary of evidence on various biologics in idiopathic inflammatory myopa-

thies (IIMs)

Agent

Study design

Population

Summary of results

Current status

Infliximab

RCT

Adult
polymyositis
and
dermatomyositis
(n=13)

Nine patients completed
the trial (three
discontinued due to
adverse effects and one
due to a discovered
malignancy)

Three of the completers
improved by >20% in >3
core sets

Six remained unchanged
or worsened

No patient improved in
muscle strength by
manual muscle test.

Not in
contention in
adult IIM

Retrospective
study

JDM (n =39)

Global disease activity
increased at both 6 and 12
month time points
Muscle power also
commensurately increased
50% of patients had a
reduction in the number
and/or size of calcinosis
lesions.

25% switched from
infliximab to adalimumab

Still a
contender for
JDM

Etanercept

RCT

Adult
dermatomyositis
(n=16)

Sixteen subjects were
randomized, 11 to
etanercept

Primary outcome was
adverse effects

Five etanercept-treated
and one placebo-treated
subject developed the
worsening rash.

All five subjects receiving
placebo were treatment
failures

Five were successfully
weaned off prednisone

Generated
some hope for
a TNF
inhibitor in
DM

Clinical Trial

JDM (n =9)

At the 12th week, seven
patients had a mild
decrease in disease
activity, one remained
stable, and one worsened
At the 24th week, one
patient remained stable,
two worsened, and three
improved

There was no appreciable
change in serum muscle
enzymes or CMAS
throughout the study.

Overall a
negative study;
found the TNF
alpha 308
alleles to be
associated with
worsening DM
skin rash
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Table 9.1 (continued)

Agent Study design | Population Summary of results Current status
Tocilizumab | RCT AdultIIM (n= | Ongoing No results
40) posted
Anakinra Prospective Adult e Clinical response in 7/15 | Still
study polymyositis, » Concomitant changes investigational
dermatomyositis | noted in repeat muscle
and IBM (n = biopsy
15)
Tofacitinib | Prospective anti-MDAS Ab+ | ¢ Aggressive ILD with poor | Has definite
study DM-ILD (n=5) | prognostic factor patients | potential both
treated with triple therapy | in cutaneous
with high dose disease and
glucocorticoids, CSA and | lung disease
CYC were given
additional TOF (10 mg/
day).
¢ Three survived, and two
died.
 The survival rate of
patients who received
TOF was significantly
better than that of the
historical controls.
Retrospective | Multidrug- e Clinical response was
study resistant observed after 4 weeks,
cutaneous and the mean treatment
dermatomyositis | period was 9.6 months.
(n=3) ¢ Clinical activity scores

decreased in all three
patients

No adverse events
occurred

Tofacitinib was given as
monotherapy in two
patients, and one patient
continued using
hydroxychloroquine

(continued)
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Table 9.1 (continued)

Agent Study design | Population Summary of results Current status
Repository | Clinical trial |PM (n=4)/DM |+ 10/11 completed the study | Has definite
Corticotropin (n=06) * 7/10 patients met primary | potential,
Injection end point at 8 weeks especially in
(IMACS definition of cutaneous
improvement) disease

Significant decrease in
prednisolone dose from
18.5 mg/day to 2.3-mg/
day

RCI was considered safe
and tolerable.

No patient developed
significant weight gain or
an increase of
haemoglobin Alc or
cushingoid features.

At 3 months, 7/9 patients

Clinical trial | DM patients

with active had improved clinical

cutaneous cutaneous score and 8/9

disease (n =9) improved global activity
score

At 6 months, 7/7 patients
had improved cutaneous
score and global disease
activity score

Abbreviations used: Ab antibody, CMAS childhood myositis assessment scale, CSA cyclosporine,
CYC cyclophosphamide, DM dermatomyositis, /BM inclusion body myositis, //M idiopathic
inflammatory myopathy, /LD interstitial lung disease, IMACS International Myositis Assessment
and Clinical Studies, JDM juvenile dermatomyositis, MDA melanoma differentiation-associated
protein, PM polymyositis, RCI repository corticotropin injection, RCT randomised controlled trial,
TNF tumor necrosis factor, TOF tofacitinib

9.7 Conclusion

The niche of biologics in the treatment of adult PM/DM and jDM is restricted to
mostly refractory patients who are either intolerant to conventional immunosup-
pressive drugs or are non-responsive or develop frequent flares, especially with glu-
cocorticoid tapering. Exceptions to these exist in severe initial disease, especially
with severe pharyngeal muscle weakness or respiratory muscle weakness where a
definite role of IVIg is well known and practiced. In other cases, rituximab is till
now the drug with the most promising evidence. The other especially promising
drug is abatacept, but unfortunately, it is no more available in India. Tofacitinib and
repository corticotropin injection are the two most “new kids in the block™ which
might prove to be game changers in the near future.
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A 34 years old female presented with a history of hemoptysis, shortness of
breath on exertion and fever. She had been on empirical anti-tubercular treat-
ment for 3 months without relief in her symptoms. She also reported a history
of multiple evaluations for epistaxis and nasal crusting. Examination showed
a pulse rate of 110/min, respiratory rate of 26/min and blood pressure of
140/80 mmHg. She had pallor, and systemic examination revealed crepita-
tions in bilateral lung fields. On laboratory evaluation, she had normocytic
normochromic anemia (Hb—9 g/day) and thrombocytosis (P1t—540,000/L).
Urine showed dysmorphic RBCs with proteinuria of 700 mg/24 h and creati-
nine of 0.9 mg/dL. Chest imaging showed nodules along with ground glass
opacities in the middle and lower lung fields. Her Inflammatory markers were
raised (ESR—60 mm/h and CRP—102 mg/dL). Immunological tests showed
C-ANCA positive on immunofluorescence and high anti PR3 titers. She was
diagnosed to have ANCA-associated vasculitis (granulomatous with
polyangiitis).

The Chapel Hill Consensus Conference 2012 nomenclature system classifies
anti-neutrophil cytoplasmic antibodies (ANCA) associated vasculitis (AAV) into
Granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with polyangiitis (EGPA) [1]. The management of
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AAV has seen a turn in the last few decades with a change in status from a fatal
disease to a manageable chronic disease [2].

10.1 Initial Management

e AAV is a multisystem disease; the initial onus of a clinician lies in finding out the
disease burden and organ involvement.

e Depending on the organ involvement, the disease can be categorized into differ-
ent subtypes. It was categorized by EUVAS, especially for the management of
GPA/MPA (Table 10.1). This management classification has practical implica-
tions and helps in clinical decision-making.

e It is important to rule out mimics especially infections especially infective
endocarditis.

e The management consists of two phases’ (1) Remission Induction and (2)
Remission Maintenance.

 Initial management in the induction phase consists of steroids either as pulse or
oral depending upon the disease burden and disease subtypes.

» Steroid-sparing agents like cyclophosphamide, and biological drugs like ritux-
imab are the mainstay of remission induction in most patients and these are given
simultaneously along with steroids. Methotrexate and azathioprine is used as
remission induction agents rarely in patients with very mild disease.

e The choice of steroid-sparing agent again depends upon the burden, severity,
disease subtypes and choice of patients.

10.2 Remission Induction
10.2.1 The History

In the 1970s AAV was considered as a virtual death sentence with a mortality rate
to the tune of 90% over 2 years [4]. The use of oral cyclophosphamide showered a
ray of hope to this fatal disease bringing the down mortality significantly, however,
this was at the cost of side effects like malignancies, cytopenias, infection, and

Table 10.1 EUVAS disease categorization for management of AAV [3]
EUVAS disease

subtypes Definitions

Limited Upper and/or lower respiratory tract disease without other systemic
involvement or constitutional symptoms

Early systemic Without organ-threatening or life-threatening disease

Generalized Renal or other life-threatening disease; serum creatinine <5.65 mg/dL

Severe Renal or other vital organ failure; serum creatinine >5.65 mg/dL

Refractory Progressive disease unresponsive to cyclophosphamide and

glucocorticoids
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hemorrhagic cystitis. To the rescue came pulse cyclophosphamide backed up by
landmark CYCLOPS trial, which addressed the issues of side effects [5]. The use of
other steroid-sparing agents like methotrexate and mycophenolate mofetil were
restricted to remission induction in the only mild limited subtype of AAV [6, 7].

10.3 The Introduction of Biological Drug in AAV

* Biological drugs have been used on a compassionate basis since the 1980s.
Biological drugs that have been used in the past and are being targeted for the
future can be divided as:

— Intravenous immunoglobulins (IVIG)

— Cytokine blockade/therapy
TNF-a blocking agents
Interferon-y
IL-5 (Mepolizumab)

— Lymphocyte depletion
CD20 antibody (rituximab)
Anti B cell-activating factor
Anti-CD52 antibody
Antithymocyte globulin

e Amongst these, the most accepted and with the available evidence is rituximab.

10.4 Rituximab in AAV

Despite the use of cyclophosphamide, the relapse rate of AAV was still significant
and was compounded by toxicity and fertility issues. There was a dire need for a
new drug. Rituximab, a potent B cell depleting agent, had been in off-label use for
severe AAV in various case reports, prospective, and retrospective clinical trials.
RAVE and RITUXIVAS were two back-to-back trials published in 2010 which
earned its FDA approval and established rituximab as a potent remission induction
agent [8, 9]. Both RAVE and RITUXIVAS trials established non-inferiority of ritux-
imab to cyclophosphamide. In addition, it was shown to be superior for relapsing
disease. Apart from systemic involvement, rituximab has proved its worth against
other agents for limited ear nose throat involvement [10]. Some of these manifesta-
tions though limited but could be life threatening, like sub-glottis stenosis.

Rituximab is the first anti-CD20 monoclonal antibody to be used in clinical prac-
tice. CD20 is expressed on the surface of naive B cells that have entered blood cir-
culation after exiting bone marrow. The mechanism of action of rituximab for B cell
depletion is postulated to be:

1. Complement mediated cytotoxicity
2. Induction of apoptosis
3. Antibody-dependent cell-mediated cytotoxicity
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Antibody-dependent cell-mediated cytotoxicity appears to be the most promi-

nent mechanism for the action of rituximab.

Rituximab is approved for remission induction in GPA and MPA. In EGPA

though the evidence level is weak, however, it has been voted by 100% of experts

as a favorable induction agent.

Rituximab is preferred over cyclophosphamide in the following situation

[11-16]:

— When fertility preservation has to be done

— Relapsing and PR3 positive disease

— Limited life-threatening diseases like sub-glottis stenosis, midline destruc-
tive lesion

— Inadequate response to cyclophosphamide

— Refractory disease

The caveat of rituximab is the granulomatous manifestation which appears to

have an erratic response to treatment.

Apart from the innovator biological molecules, several bio-similar and bio-

mimic preparation of rituximab have been shown to be equally effective in

AAV [17].

The pre-infusion checklist of rituximab is shown in Table 10.2.

The approved dosing regimen of rituximab is shown in Table 10.3.

Table 10.2 Showing pre-infusion investigation for rituximab

Pre-infusion checklist for rituximab

Complete blood count

Renal function test

Liver function test

Chest X-ray

Urine routine and microscopic examination
HBsAg, Anti HBc

Anti HCV

Rule out active infection

Serum Immunoglobulin G level (IgG)

Table 10.3 Showing approved dosing regimen of rituximab

Dosing regimen of rituximab

1. Rituximab IV 1 gon 0 and 15 days

2. Alternative regimen:
Rituximab IV 375 mg/m? body surface area weekly for 4 weeks
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10.5 Remission Maintenance

Relapses are the major concerns associated with AAV. Relapses were seen in one-
half of the cases, and this rate could only be reduced to one-third with the use of
steroid-sparing agents like methotrexate and azathioprine [18, 19]. Similar to induc-
tion, rituximab was also studied as a maintenance agent in various prospective and
retrospective studies.

* The role of rituximab as the most prominent remission induction agent has been
established by three landmark trials MAINRITSAN 1, 2, and 3.

* MAINRITSAN I: It compared fixed-dose rituximab versus azathioprine and
showed sustained remission with rituximab. At 28 months 5% relapse was seen
in the rituximab arm as compared to 25% in the azathioprine arm [20].

* MAINRITSAN 2: No significant difference in the relapse rate was seen in fixed-
dose rituximab (every 6 monthly) versus tailored dose rituximab (twofold rise in
PR3 titers or clinical relapse) as studied in this trial [21].

e MAINRITSAN 3: It evaluated the efficacy of prolonged rituximab therapy in
patients who achieved complete remission after the standard maintenance dos-
ing. Lower rates of relapses were seen in patients who received extended bian-
nual rituximab [22].

* The dosing and duration of rituximab during remission maintenance is shown in
Table 10.4.

10.6 Other Biological Drugs in AAV
e Apart from rituximab, various other biological drugs have been investigated and

tested in AAV
* The status of various other biological drugs is shown in Table 10.5.

Table 10.4 Dosing and duration regimen of rituximab

Dosing and duration

1. IV Rituximab 500 mg every 6 monthly
2. Duration: No definite data
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Table 10.5 Biological agents in AAV

Drug and MOA Disease Remark
IgG antibodies against B | GPA and * BREVAS Study: RCT to evaluate the efficacy
cell activating factor MPA and safety of belimumab in combination with
(BAFF): Belimumab [23] | Remission azathioprine for the maintenance of remission
maintenance in GPA and MPA
e It did not reduce the risk of relapse
* Not approved for use in AAV
Anti TNF: Infliximab * GPA  Four open-label studies have reported the use
[24] e Remission of infliximab in patients with AAV
induction ¢ With Infliximab use, remission was achieved in
* Refractory >80% (43 out of 53) of the patients
cases * Not approved for use in AAV
Anti TNF: Etanercept * GPA * WGET (Wegener’s Granulomatosis Etanercept
[25] ¢ Remission Trial)

maintenance

It did not show an advantage of additional
therapy with etanercept compared with
standard therapy

* Not approved for use in AAV

Interferon-a therapy [26] | EGPA  The data from patients showed that patients
were able to reduce or drop steroid therapy or
remain on low-dose steroids

* Not approved for use in AAV

Anti-IL5 monoclonal * EGPA » Data from two open-label trials showed that

antibody: Mepolizumab the majority of EGPA patients treated with

[27] Mepolizumab achieved clinical remission and
significant corticosteroid-sparing effect

* Approved for use in EGPA

Anti-IgE monoclonal * EGPA * Data from case reports shows clinical

antibody: Omalizumab improvement and reduction in the peripheral

[28] eosinophil count

* Not approved for use in AAV
Anti-CD52 monoclonal * AAV * Data from small uncontrolled trials showed

antibody: Alemtuzumab
[29]

that around 85% of patients achieved clinical
remission; however around 80% of them
relapsed

* Not approved for use in AAV

10.7 Conclusion

e The management of AAV remains a challenge despite advances in the diagnos-

tics and therapeutics

* Various biological drugs have been studied in AAV, among them; only rituximab
has established its use both in induction and remission maintenance of ANCA-
associated vasculitis till date.

e Various other molecular targets needs/are being studied, which would answer
several unanswered queries like; prevention of relapse, ideal duration and fre-
quency of maintenance therapy and choice of drug for granulomatous versus
vasculitic manifestations.
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11.1 Introduction

Behcet’s syndrome encompasses dysfunction in both the innate and the adaptive
immune systems resulting in inflammation in a wide range of organ systems includ-
ing the mucosal and epithelial barriers of the orogenital apparatus, blood vessels,
eyes as well as relatively devastating effects in the brainstem and pulmonary vascu-
lature. The mucocutaneous manifestations of oral and genital ulcers resemble auto-
inflammatory disorders and are associated with a high IL-1 beta signature. Similar
observations have been made regarding the similarity of ulcers in the ileum in
Behcet’s and inflammatory bowel disease like Crohn’s as well as enthesitis seen in
the spondyloarthropathy spectrum of disorders. The inflammation of the blood ves-
sels with manifestations such as superficial and deep venous thrombosis, pulmonary
artery vasculitis, and resulting aneurysm and central nervous system inflammation
bear similarities with adaptive immunity mediated by cytotoxic CD8 T cells. This
flexible position in the continuum of innate and adaptive immunity provides us with
both a challenge in terms of its widespread manifestations as well as an opportunity
in the form of multiple plausible therapeutic targets in both arms of the immune
system. With the advent of biologic therapies and small molecule inhibitors of the
immunity, there is immense therapeutic potential for the targeted management of
this elusive and often refractory disease.
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11.2 Immune Dysfunction and Therapeutic Targets
in Behcet’s Syndrome

The pathogenesis of Behcet’s syndrome starts with the innate immune cells that are
primed as part of mucosal immunity. These cells include neutrophils which form the
predominant inflammatory infiltrate in the aphthae, the NK cells which mediate
inflammation and act as a bridge between the innate and adaptive immune systems.
The cytokine milieu associated with these activated immune cells includes IL-6,
IL-8, IFN-y, and TNF as well as the inflammasome-mediated release of IL-1f. All
these cytokines represent interesting possibilities for targeted biologic therapy but
as a result of the redundancy in the pathways downstream of these cytokines, inhibi-
tion of anyone is often inadequate. The y5-T cells were previously thought to be the
only adaptive immune cells implicated in Behcet’s due to their convenient location
in the mucosal tissues as well as close parallels observed with the role these cells
play in similar clinical manifestations of mucosal ulcers in inflammatory bowel
disease and enthesitis in spondyloarthropathies. However, as our understanding of
the pathogenesis of this disease has evolved with time, other adaptive immune cells
such as the Th1 and Th17 polarized helper T cells and cytotoxic CD8 T cells have
been found to play a role in subsets of the disease with severe manifestations such
as vasculitis. This has been reflected in the classification of Behcet’s syndrome as a
variable vessel vasculitis in the Chapel Hill consensus definitions. The cytokine
profile in Behcet’s therefore also reflects these adaptive immune pathways with
activation of the IL12-1L.23-IL17 axis which is also a potential therapeutic target of
biologics. Antigen presentation to these adaptive immune cells and the processing
of antigens through the ERAP1 protein which is inadequately expressed in Behcet’s
is another interesting parallel to the spondyloarthropathies. This links to the major
HLA association of Behcet’s disease which is HLA-B51. Therefore, the treatment
of Behcet’s could potentially involve IL-1 inhibition with Anakinra or Canakinumab,
TNF-a inhibition with infliximab, adalimumab, and a host of other available anti-
TNF agents or even IL-17 inhibition with Secukinumab or inhibition of IL-23 with
Ustekinumab upstream to it. The lack of development in targeted therapeutics to
such a host of inviting targets stems from the fact that the syndrome itself is quite
rare and even so has a wide variety of manifestations across geographic distribu-
tions and within phenotype variations in severity even among those in the same
geographic cluster.

11.3 EULAR 2018 Update of Guidelines for Management
of Behcet’s Syndrome

In 2018, the need was felt to update the 2008 guidelines for the management of
Behcet’s syndrome with a major consideration being the emerging evidence for the
role of biologics, especially anti-TNF therapies in these patients. The overarching
principles advocated by EULAR do emphasize the need to individualize therapy
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Table 11.1 Indications for biologics in the 2018 EULAR guidelines for management of Behcet’s
syndrome

Organ system
involved Indication for biologics (level of evidence)

Mucocutaneous IFN-a, TNF-inhibitor for lesions refractory to colchicine, azathioprine,
thalidomide, and short courses of systemic steroids (IB).

Eye IFN-a, TNF-inhibitor for posterior segment uveitis refractory to
Azathioprine and Cyclosporine (IIA).
Upfront use in uveitis if recurrent severe and vision threatening (IIA).

Refractory venous TNF inhibitor for those refractory of azathioprine, cyclophosphamide,
thrombosis or cyclosporine (III).
Arterial Pulmonary artery aneurysm refractory to cyclophosphamide and high

dose glucocorticoids (IIT).

Gastrointestinal Tleal ulcers refractory to Azathioprine or 5-aminosalicylic acid
derivatives once IBD and tuberculosis have been ruled out (III).

Neurological Acute parenchymal involvement with severe first attack or disease
refractory to treatment with high dose glucocorticoids and
cyclophosphamide (III).

Arthritis IFN-a, TNF-inhibitor for chronic and recurrent arthritis.

Level of evidence: IA—meta-analysis of RCT, IB—at least one RCT, IIA—at least one controlled
study sans randomization, IIB—at least one quasi-experimental study, III—descriptive studies
such as case control studies, [V—expert consensus

based on patient characteristics and the poor prognosis associated with certain
major organ involvements that warrant aggressive systemic therapy. The recom-
mendations with respect to biologics are summarized in Table 11.1 [1].

11.4 Indications of Biologic Therapies in Behcet’s Syndrome

* The thrust for the use of biologics in Behcet’s is for disease refractory to conven-
tional therapy. This stems from the fact that most mucocutaneous, as well as
arthritic symptoms, respond well to colchicine alone which is safe, effective, and
inexpensive as well as having a long track record for safety. Systemic immuno-
suppression is considered when the clinical manifestations are either recurrent or
refractory to therapy with colchicine. A short course of glucocorticoids suffices
to control acute flares of mucocutaneous disease. The use of anti-IL1 agents is an
attractive option given their success in a host of other autoinflammatory illnesses.
In this regard, Etanercept, a fusion protein of TNF receptor with the constant
heavy chain of IgG1 has been found to reduce the mean number of oral ulcers as
well as papulopustular skin lesions in a randomized controlled clinical trial [2].
Though randomized trials are lacking, the use of anakinra or canakinumab (both
IL-1 antagonists) would also, therefore, be attractive therapeutic options in this
setting and are approved for use in mucocutaneous manifestations of other auto-
inflammatory disorders.
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e The role of biologics is better defined for disease that becomes refractory to con-
ventional therapeutic options or when organ-threatening illness is present.
Posterior uveitis is a potential such manifestation that may be asymptomatic and
yet cause loss of vision and permanent disability to the patient. While azathio-
prine and cyclosporine are routinely advised for uveitis in Behcet’s, it is prudent
to rapidly escalate therapy to a TNF inhibitor such as infliximab (5 mg/kg every 2
months) or adalimumab (40 mg SC every 2 weeks). Interferon alpha (5 MU/day)
is another option that has demonstrated efficacy in Behcet’s related uveitis.
Though data from randomized clinical trials is lacking, real-world evidence exists
for earlier remission and decreased frequency of attacks with the early use of
Infliximab for Behcet’s related uveitis [3].

¢ Adalimumab, which has had success in the management of spondyloarthropathy-
associated uveitis and is recommended as first-line drug for that indication is
another attractive option for Behcet’s associated uveitis. There are case series
demonstrating the safety of adalimumab in this setting as well as evidence for
visual preservation and complete resolution of ocular inflammation as well as a
decrease in attack frequency [4]. Clinical trials of adalimumab in this setting of
noninfectious uveitis including posterior uveitis have documented lesser treat-
ment failures in those with uveitis and improvement in at least one patient-
reported outcome in the form of visual acuity [5]. However, this was not a trial
specifically for Behcet’s and hence the treatment groups are far more heteroge-
neous and the data should be evaluated critically in this regard when it comes to
Behcet’s related uveitis.

* The other therapeutic targets in Behcet’s syndrome include IL-17 and IL-23 as part of
the Th17 immune pathway. Ustekinumab (90 mg SC at week 0, 4, and every 12 weeks
thereafter), an inhibitor of the p40 subunit of the IL.-23 molecule, has been evaluated
in an open-label trial for mucocutaneous disease refractory to colchicine. The number
of mucocutaneous ulcers was lower in those treated with ustekinumab along with
decreased overall Behcet’s syndrome activity scores. There were no safety signals
associated with its use [6]. Secukinumab (150 mg or 300 mg SC every 4 weeks) has
been studied in a multicenter retrospective study in patients with mucocutaneous and
articular disease refractory to colchicine, disease-modifying anti-rheumatic drugs
(DMARD:s) and anti-TNF agents. This small study demonstrated the safety of
Secukinumab as well as a complete or partial therapeutic response in two-thirds of the
patients [7]. There was also a trend towards better response with the higher dose of
Secukinumab with all patients on the higher dose achieving a complete response.

e For organ-threatening disease, considering the parallels of inflammatory bowel
disease the use of anti-TNF agents is plausible in gastrointestinal involvement in
the form of ileal ulcers. TNF inhibition with adalimumab (160 mg SC at week 0,
80 mg at week 2, and 40 mg SC every 2 weeks thereafter) has been shown to
induce complete response in 20% of Japanese patients with intestinal Behcet’s
disease [8]. This data has to be evaluated keeping in mind the difference in dis-
ease severity across geographic regions as disease is known to be less severe in
people of non-Turkish descent. The use of biologics in pulmonary artery involve-
ment is not well studied mainly due to the rarity of the manifestation itself. In 13
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patients with pulmonary artery involvement who were retrospectively reviewed,
in those on TNF inhibition due to various indications that were all refractory to
conventional immunosuppressives, 6 patients had a good response with contin-
ued TNF blockade, 4 could discontinue therapy completely due to response but
2 relapsed after withdrawal of TNF inhibition and azathioprine [9]. It is also
important to note that one patient died of hemoptysis, two developed pulmonary
artery involvement while using TNF inhibitor for another indication and one
patient developed mesenteric vein thrombosis and new site of pulmonary artery
involvement. More data is required to evaluate the safety and efficacy of TNF
inhibition in this setting.

11.5 Conclusion

Biologic therapies are safe and effective in Behcet’s syndrome with mucocutaneous
and articular disease. The indications that have been studied at present include dis-
ease refractory to conventional therapy with colchicine and other DMARDs. For
organ- or life-threatening illness, there is a lack of high-quality evidence for the use
of biologics but important real-world data suggests they may have a role in disease
refractory to conventional therapy.
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Biologics in Takayasu’s Arteritis 1 2

Avanish Jha and Debashish Danda

12.1 Introduction

Takayasu arteritis (TA) is an immune-mediated inflammatory disease of large arter-
ies. Its pathological mechanisms are slowly unraveling and, in spite of paucity of
biomarkers, some preliminary tools for assessing the disease like ITAS2010 and
ITAS A (CRP) are being made available in day-to-day clinical practice. Hopefully,
these ongoing advancements will make “treat to target” in TA a reality, sooner
than later.

TA is a lifelong disease similar to most systemic autoimmune conditions.
Spontaneous or off-treatment remission as well as rare monocyclic disease course,
all put together, account for less than 20% of cases. Asymptomatic and slowly pro-
gressive nature of disease in TA can befool clinicians and falsely behave as silent or
inactive disease. If left untreated because of apparent paucity of clinical features,
TA only adds on cumulative damage due to ongoing, unsuspected, and untreated
inflammatory process; and the unsuspecting clinicians are left in the dark and caught
unaware with regretful, sudden surprises like irreversible major organ ischemia in
the form of Myocardial infarction, stroke, renal failure, and several such devastating
sequela including death.

While most people are treating TA using conventional immunomodulators and
immunosuppressants, use of biological agents are coming into practice. Figure 12.1
depicts the biological basis of targeted treatment in TA. Considering their costs, we
need a logical, rational, and economically tailored approach for prescribing biolog-
ics in TA.
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Fig. 12.1 Biological basis for targets of treatment in Takayasu arteritis

Here is a case-based scenario on the use of biological agents in a patient with
TA from a resource-limited setup. This may offer learning steps for rheumatolo-
gists in this highly specialised area. We also have made a treatment algorithm for
this purpose.

12.2 Case Scenario

A 19-year-old girl presented with a history of pain in her right arm, which occurs
after a fixed amount of activity with her right upper limb. She also has unexplained
weight loss and fatigue. Examination revealed absent right radial and brachial artery
pulsations and a bruit over right subclavian artery.
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12.3 Discussion

Takayasu arteritis is a large vessel granulomatous vasculitis involving predomi-
nantly aorta and its main branches at origin and sometimes pulmonary arteries. It
can present with constitutional symptoms along with symptoms of ischemia in vari-
ous systems; but presentations with pulse loss, hypertension, or claudication of
limbs are among the commonest. Its varied manifestations include Reno-vascular
hypertension, stroke, seizure, and cardiovascular symptoms like angina, myocardial
infarction, and aortic incompetence. Acute phase reactants may be elevated, but
these do not always increase in all patients with active disease.

12.4 STEP 1:Initial Assessment and Diagnosis

» Patient should be assessed by history taking and examination of all peripheral
pulses and four limb blood pressure recordings to look for weakened, asymmet-
ric or loss of pulse, blood pressure difference, and bruit over the major arteries.

e Laboratory investigations of raised acute phase reactants like CRP and ESR
(may not be elevated in all cases).

* Imaging investigations include one of the following: conventional angiogram,
Digital subtraction angiography, CT angiogram or MR angiogram, and most
recently PET scan. The imaging might reveal stenosis, occlusion, or less com-
monly aneurysms. CT and MR angiography may also reveal wall thickening and
enhancement with contrast. Contrast-enhanced ultrasound and color Doppler is
an evolving modality in this area, although its use at the moment is restricted to
expertise-dependent setups.

e Chest X-ray, electrocardiography (ECG), and echocardiogram are also done to
assess cardiac and aortic root involvement.

* A confident diagnosis of Takayasu arteritis is based on a combination of Clinical,
laboratory, and radiological investigations. Classification criteria have been pro-
posed like 1990 ACR, Ishikawa, as well as Sharma’s modification to Ishikawa
criteria and these may be used for clinical guidance in diagnosis.

* After a patient fulfills classification and angiographic criteria (Hata’s), disease activ-
ity scores like ITAS 2010 & ITAS-A (CRP), disease extent scores like DEL.TAK
and damage scores like TADS must be documented and should be repeated in fol-
low-up visits.

12.5 Step 2: Initiating Corticosteroids
and Immunosuppression

» Patients are started on high dose steroids at 0.5 mg/kg body weight of predniso-
lone or equivalent dose of deflazacort, a derivative of prednisolone (authors pre-
fer this due to its lesser metabolic side effects) and then steroids are gradually
attempted to be tapered over 6 months to 5 mg/day or lesser.
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e Glucocorticoids are good for remission induction but cause frequent relapse on
tapering dosing in about 50% of cases.

e In view of the reason mentioned above, most Rheumatologists start a steroid
sparing, conventional disease modifying agents (DMARD) or second-line immu-
nosuppressant upfront along with steroids. These agents take several weeks to
months to demonstrate efficacy. Therefore, upfront institution of second-line
agents along with steroids right from the beginning help prevent relapse while
tapering steroid. Mycophenolate mofetil (MMF) or Mycophenolate sodium
(MMS), azathioprine, and Methotrexate are commonly used agents in routine
practice; however, in some settings, cyclophosphamide, tacrolimus, leflunomide,
and even JAK inhibitors like tofacitinib are also used based on anecdotal reports
and biological basis.

12.6 Case Scenario

Our patient is diagnosed with Takayasu arteritis after assessment as per step 1 and
started on 36 mg Deflazacort daily morning after breakfast and Methotrexate 15 mg/
week and then built up to 25 mg subcutaneously over the next 2 months.

12.7 Step 3: Assessment of Disease Activity at Follow up

 Patients are followed up at 2 to 3 monthly intervals initially for response assess-
ment and any features of relapse and damage after remission induction.

e In absence of any specific biomarker, combined clinical, laboratory, and radio-
logical assessment tools are used.

e ITAS2010 and ITAS-A are validated tools for assessment of disease activity
based on clinical features and acute phase reactants; these are easily doable
unlike angiography that is unrealistic at frequent intervals in view of invasive-
ness and cost, unless interventions like stenting is indicated.

e Revascularization techniques like endovascular stenting are used for symptom-
atic significant stenosis or occlusion after control of active disease.

12.8 Case Scenario

Our patient does well on steroids initially but has worsening pain in the arm on dose
reduction to less than 18 mg of Deflazacort at review visit. It is thus decided to
increase the dose of the steroid to 36 mg and wait for 3 more months. However, she
has a recurrence of symptoms at review at 6 months. She undergoes conventional
angiogram and stenting of subclavian artery in view of worsening stenosis and
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symptoms. Methotrexate is changed to Mycophenolate mofetil and deflazacort is
again increased to 60 mg and planned for slower taper.

Our patient comes back after 2 weeks with no pain in arm or any constitutional
features, but complains of diarrhea, abdominal pain (that is, not like vasculitis or
angina type), and has persistent nausea. Her examination shows no new findings.
Her blood parameters show improving acute phase reactants and otherwise normal
routine blood parameters. Her mycophenolate mofetil (MMF) is changed to an
equivalent dose of the sodium salt of mycophenolic acid (MMS). She has improve-
ment in diarrhea, abdominal pain, and nausea with the same.

12.9 Step 4: Step up to Biological Agents

e Patients with resistant disease or relapse on steroids and conventional DMARD
or second-line immunosuppressant are considered for biological therapy.
The following biological agents are being used in TA:

Tocilizumab

e Tocilizumab, an IL6 receptor blocker, has been utilized and proven effective
as an add-on, steroid sparing, quick acting, and stopgap agent.

e One randomized controlled trial (TAKT study) using subcutaneous tocili-
zumab with small number of participants showed numerical benefit in attain-
ing remission in relapsed disease, but failed to reach statistical significance
probably due to small numbers recruited.

e In a cohort of 251 patients from India, monthly intravenous tocilizumab was
used successfully in all 14 (5.6%) resistant, relapsed, or cases undergoing
procedures to prevent restenosis as a stopgap and steroid sparing agent.

e TOCITAKA, a French open-labeled prospective study using tocilizumab in
treatment naive patients showed remission rates of 85%, but there was a
relapse in 45% of them after discontinuation of tocilizumab.

e These data confirm the utility of Tocilizumab for short-term disease control;
however, another maintenance agent like mycophenolate is needed to main-
tain remission.

e Table 12.1 summarizes some of the largest data on the use of biologics in TA.

Tumor necrosis factor (TNF) inhibitors

e There is no randomized controlled trial.

¢ Infliximab, a chimeric mouse and human monoclonal antibody against tumor
necrosis factor has been used in observational studies involving resistant or
relapsed cases.



A.Jha and D. Danda

132

020¢
110100
aanoadsorg
pasdear pey 7oLl youal
11 JO IO ¢ syjuowr jutod-puo Jo ypuowy/3y/Sw T’
{1 18 Inq Ky1AT)oR Arewnad syjuour | g Jo suoIsnjuI / pue QATRU UBTUDYOA
pue 9sop pro1)s | ay ou sjuaned L e SpI0Ja)s Kep/3y/3w £°0 Jo aAnoadsolg juLuIEdn) QuasIy
ur uonINpPal poon (%¥8) x1S Jo Surddoyg | 2sop ay Je SpIoIAS | —[RUONBAIISAQ SIsBO ¢ ‘MON VIVLIDOL
Kdexayy onosax
popeau Kyuofew
‘paddoys sem
ZDL 19)je Jusunean (qureseq
aarssarddnsounuruut Je Quojostupaid
Jjo Sureosdn 3w ¢'Z uo 1yjour
JNOYIIM 9JB)S ASBISIP AdV puUE pI0JA)IS UO
9[qeIs paurejurew [ewIou pue jou sem juoned ouo)
sjuoned g A[uo | Surdewr 9[qeIs Kyanoe | osop Surrade) ur 3y jean (2T102)
nq ‘esuodsar [eoIuI[O m osuodsax [eo13o[oIpey | /3w [—G°() SPIOIAS + 01 J[NOYJIp ‘[e 39 epue(q
Po0S tasop ProIA)s [eoturd SNV [BWION | Sesop g 10F A[yjuowr aAanoadsorg pue ysyseqag
U1 uononpaI poon | & pey (%09) XIS ‘0= SVII AISY/8W § 7)1, | —[BUONEAIISQQ S9sBI (] JURISISNY | [20D) BAIYINY
(proxs i
uonoONpUI UOISSTWAT
wolj yoom [<
[ngesn I0)Je PalIE]s) Yoom
9q Aew qeWINZI[100) /A[snoaueinoqns
nqg ‘owodno I'=<ro Sw zgp (L10D)
Arewnid your 10%5$6 ZOL + (Aep/3y (D) 81 sA (D) 81 T2 30 eyoRyeN
jou ‘sIoquinu [[ewus 10 gH | osdeforoyowiy, | /3w () Ised I8) DD 10d 19¢ asdejoy Apmis I3VL
S21pNIS qUUINZ1J100]
JjuauIwo)) JNSY QWI00INO UOTJUSATINU] adKy Apmg SASEBD JO JqUUINN snye)s Apmgs
Arewg aseasig

VL ut so130101q uo eyep paystqnd pajosds  L'ZL djqer


https://pubmed.ncbi.nlm.nih.gov/?term=Goel+R&cauthor_id=24382284
https://pubmed.ncbi.nlm.nih.gov/?term=Danda+D&cauthor_id=24382284
https://pubmed.ncbi.nlm.nih.gov/?term=Danda+D&cauthor_id=24382284

133

12 Biologics in Takayasu'’s Arteritis

(panunuoo)
AMOTAQI QINJBINI] oY)
ur [[om Surop a1om sosuodsax MOTAI POMIIAL
AKuofew eruadonnou [eo13o[orper QIneIa)| pue QIOM INJBINI] jJue)sIsal (€102)
quo ‘osdefar sosuodsar | pue ‘fear3ooiq p1o1d)s + A[ypuowt aAndadsonay wolj 1 Jo pue |  °[e 39 I0ISIQY
peY $9Sed G JO IO 7 | [eniul pey G [[V ‘Teomr) Al (8Y/8w §) ZD1L | —IBUONBAIISQD | [B)O) B PUB SISO G pasdejoy QIUPON
PIOIA)S

ur uononparx uononpal

‘pazifeuriou ENO eI
AV pue “Ysq A1010e139y | dnoi3 ysruedg
1S | ‘onewoydwAdse | QYD ‘woydwAs SPI0IA)S + Anoadsonay aIe SISO (9102 TB 10
padoroaap juaned | AIoM /, [eorut[) (A13y/83w §) ZDI,| —[BUONBAISqQO Sosed § g JoIno / BIOOLIOT °[

syyuow

9 18 BLIALIO

(HIN) WiesH

JO soymnsuy

[euoneN

sn ey

e pue sjue)oRal

Ul pazi[euiou aseyd-onoe

qdv | Aq pouyop se
sjuaned 4 ur [[eI9A0 ‘osuodsar | ‘AJ1A1}OR OSBASIp (€102)
pa1mod0 uorssargord [eo1uId Jo uononpar ‘[€ 19 )oquIO],
Ie[noseA Inq ‘syuoned paAaIyor pue BLIQJLIO | SPIOIA)S + (ATYIUOIA! aandadsonay ooy
 ur poo3 asuodsoy sjuaned anoq asuodsay AL 3Y/BW §) ZDL | —IeUOIBAINSqO sosed /| K10joe1joy | 1I0YOD UeRI[RI]

(%% SA T7) Tomo[ sosuodsar|  uononpar asop SPIOIA)S +

Apueoyrusis sem [ 103 dnoin Quojostupaid S9SOp 9 10J 610C
dnoi3 7D, ur s100150 7D ur 1o12q pue | oprweydsoydojok) aAndddsonar 11040D)
9pIS paje[aI-InIp Apueoyrudis | YV ‘esuodsar 10 A] 3 powe om) | oprwreydsoydo[ok) J[qe[reAe asaumy)
Jo 2oudproug asuodsoy [eorur) | /3w § ZDL A[YIUON | —[RUONBAIISqQ TTPUR ZDL LT | lous[eRrq ‘[e 10 ovI'T H



https://pubmed.ncbi.nlm.nih.gov/?term=Liao+H&cauthor_id=31159524

A.Jha and D. Danda

134

100=4d)
970 onex S9sBD
prezey ‘porrad Mau 9
SAIVINA SAQIVING S10¢
A[oanoadsar ‘o5/°68 | yim paredwod | s1eak ¢ [N 1589 [(#1 = w)%07] 0] NIOMION
PUR 9516 [BAIAINS uonenIul Je sjuaunear) qewnzI{100) JuBIS[OJUL nseeye],
daxy-asdejar 1eak-¢ | eorSoforq 1ojje Iy} pue Jo [qewnuirfepe 10 pasdefax [ouaL]
oM Ajenba | 1o110q paurewar eyep Jurdewr 9 pue 1doorouelo 11040d JUR)SISAI AR
pauriojrad 7D, [eAlaIns | pue ‘K107eI0qR] 9 ‘qewuIXIyur aAndddsonay 1M UBTUDYIIA
pue sonqryur ANL Ja1y-asdefoy ‘rearur|) 1] %08-TANL | —[RUONRAIISqQQ SASBD Gt SASBO ¢ QUASIY
SAIVINA
Ut 9%0¢ sa
sIoNqQIuur AN.L sgauowr CAIVINQD
UT UOTSSTUIAI 91e W QO syuade Jurkjipowt 110409 [B1IQJAI L10T 10oyod
S189A 7 Je SuoIs9] paurelsns uey) $$9[ S0P ASBISIP UO ATen19) Woij sased KemIoN
mau pey SAYVINA %t ‘dnoid Quojostupard 0 pue (3daoroue)o JI0Y0d | 6] Pue 1I0Yod VI, BRG]
Ul 9 SA SI0)QIYUT LINLL UT 210U1 pue £)An)oe | G pue qRWIXIPUI /7) aAnoadsonay | AemION IseayInos Sursdejor | uosspueiqpno
ANLL Ut 901 UOISSIWIY aseasIp HIN SI0)qQIUUI ANLL 7€ | —[BUONBAIISGO woiy syuaned g/ pue MON n3ng
Solpmis SLonqryul AN
UoIS9[ [BLIOLIE Pp1oO1d)S +
ur juowoAoxdwr Surdewt YN (16— “oSuer) SOLIDS
Kep/3w G'1 SuiSewr pey g | /LD SIOA9L 91 sowin 47 15e9] aseo asoueder
0) Aep/Swi ¢'1g | ‘osuodsarydy =~ ‘uonezijewiou J& JO [£10) B Soom (€102)
WOI1J PadNpar aq PUR [BOIUI[D | YJV ‘UOISSTWL 1949 (3y/3w Q) aanoadsorg JUBISISAL | ‘[B 19 BYORYRN
PINOS QUO[OSIUPAI] poo3 pey [V LAl ) suoisnjui ZDJ,| —[euonealasqQ sosed p1o1ag NZeYIYsox
(IvL
s1oowered (e sosuodsax S9SOp 9 10} 7 pue yDOH
UONBAR[Q QWAZUD | Ul JuawdAoxdwr 14dd pue pIo1a1s + AJyyuowt aanodadsonay snuoue | ) pasdefar (T100)
IOAI[ P[IW pey | pey [V ‘qe| ‘TeotuI)) Al (38w §) ZDI,| —JeBUONBAIISqQ | NSBABME], JO SOSBO 7|  pUB QAIBN | ‘[e 19 osoueie))
JuaWIWIo)) NSy QWI0INO UOTJUAIIU] odKy Apmg SISBD JO JoqUINN snye)s Apmg
Arewig QseasI(]

(ponunuod) Lzl 3|qeL



135

12 Biologics in Takayasu'’s Arteritis

(panunuoo)

I90UBD JSBAIq (M
QUO puE SUOTJOAJUT

(%82) sywoned
L Jeuonippe

ue ur Aep/sw (]
MO[2q parade)
A[[njssadons
pue (%09)
syuaned ¢

s1eak

£ 01 dn pajeary,
qewrxIgut

03 1dooroueyg woiy

onstumoddo M | Ul panunuodsIp UOISSIWAI | payo)Ims syuaned ¢
Quo SuIpn[our ‘SjueAd | sem duostupaid 9ordwod 9doorouerg 110405 S
JSIOAPE paIons pue paAdIyor Jo Tented M G pue aanoadsonoy (8002)
sjuoned INO,J | Sem UOISSIWAY | JO JUSWIAAIIYIY qRWIXIPU] YIM [Z | —[BUONRAISqO Gz Aoeroy | Te 10 Ko[[o]N
(syyuowr
6'8€-L'8 40D
UOISSIWI | SYIUOW ¢ Juauiean
(9%06) syuaned paureisns | Jo uoneInp UeIpIA
0] uruorssiual | pue Aep/Sw (] jdooroue)o |
pauresns uey) SSo[ 9S0p qewnwifepy
LINL pue syuaned quojostupaid |REINEREN
JO uonenuUNUOdSIp uo | OZ Jo (%06) 81 PIA squowr T ‘qewIxigut aAanoadsonay (T100) T8 10
pasderar g7 Jo o 9 UT UOTSSTUWIY | § J& UOISSTWAY POAIOOAI /] | —[eUONBAISSqO SOsEd ()7 | AJ0joeljoy | IpIuIyoS uedr
Kep
/3w )—aosop
quojostupaid
uonMISuIx ueIpow
uodn paysiqe)soar quowr-9
SeM UOISSIWRI osuodsar SYIUOW Q J8 | QRUWIIXIJUT POAIQOAI
‘pardnurojur | Tended poAdIyoR | 9sn PIOIAIS ON { pue ‘(syuaned
(1dooroue)o) | pue osuodsax UOISSIWAI € Ul qeuIIXIgul
Adeioyy ANL-DUE paureisns paurejsns 0) paSueyd aanoadsord
193¢ sporrad pue 9191dwos pue uoISSIWaI 197e]) 1dodIoue)o ‘pareqe] uado #002)
Supmp sosdefor om, paAdIyoe O] 9erdwo) PIAIOAI /| —[BUONIUIAIOII] sosed G | Suisdejoy | Te 10 urwiygoy




A.Jha and D. Danda

136

SSNIP ONRWNAYITIULR FJUIAJIPOW ASBISIP STY VA ‘10308 S1s010au Jown) JN 7 ‘(ASH
pue J¥D) suejoear aseyd 9noe yJy ‘QRUINZII90) Z) [ ‘PIOINI0d09N[S DO ‘[BL) PI[[ONIUOD PIZIWOPURI [)Y ‘[0NU0D ) ‘UONUIAIIIUI ] :pIsn SUONRIAIQQY

SYoM ] WoIf
jdooereqe sa oqooeld
UOISSTWAT 0] UOIIRZIWIOPURY
ur a1om dnoi3 e
oqooerd Jo 9,0t ‘(JeArAIns 0) auostupaid yim Sursdefax
(¢sg'0=d) pue 1daoejeqe Qaxg-osdefar) | 10y1030) ‘g Yoam ‘6T 10 (L102) ‘T8 12
jdaoejeqe jo asn ur Jo 92T UOTSSTUIRT ‘GT ‘1 sAep uo AT [e11) [OU0D pasougelp pioj3ueT 'y
JJouaq JuBdYIUSIS ON syjuowr 71 1y Jouonein( | 3y/Sw (o 1deoeieqy paziwopuey] INEEIN o)
jdooereqy
SYAHLO
JuawIwIo)) NSy QWI0INO UOTJUQAIOIU] adKy Apmg SOSBO JO JOqUINN smye)s Apmg
Arewig QseasI(]

(ponunuod) Lzl 3|qeL



12 Biologics in Takayasu'’s Arteritis 137

e A case series and review of observational data studied 84 cases of resistant
Takayasu arteritis treated with TNF blockers.

e Infliximab (IFX) in 81% (68/84) and etanercept (ETA) in 19% (16/84) of
patients were used.

e 31 (37%) had a complete remission and 45 (53.5%) were partial responders.
There were 8 (9.5%) with no response.

e In a French Takayasu network cohort of patients on biological agents, TNF
inhibitors achieved 3-year relapse-free survival similar to Tocilizumab (91%
vs 85.7%).

e There is a paucity of data on Adalimumab and other newer TNF inhibitors.

e TNF blockers are generally considered as third line of treatment agents after:
— Steroids+ conventional disease = modifying  agents/second-line

immunosuppressants
— Tocilizumab
Also, the higher prevalence of latent TB in developing nations and the sus-
pected association between TB and TA are concerns in using TNFi agents in
such areas of the globe.

Case scenario

Patient presents back with increasing CRP and CT angiography show restenosis
needing intervention. She also has been noted to have worsening cushingoid fea-
tures and high blood glucose levels. Her blood MMF levels for 6 h Area under curve
are performed and are found to be low.

She is initiated on monthly Tocilizumab 8 mg/kg IV and her MMS dose is
increased to 2.16 g/day (equivalent of 3 ¢ MMF) in two divided doses; it is also
planned for more rapid and drastic taper of steroid to 9 mg deflazacort immediately
after second dose of Tocilizumab and an endovascular intervention is done after
1 month.

12.10 Step 5: Experimental Therapy
and Logistic Considerations

e Cyclophosphamide pulses [including oral pulses spacing over 3 days (i.e., day 1
to day 3 keeping the combined total dose of 3 days within 15 mg/kg body weight
or 5 mg/kg body weight on each of the days from D1 to D3), initially once a
month, and then it can be spaced to 3 monthly pulses after 4-6 pulses for 2 years
as in lupus nephritis) and pulsed steroid therapy may be considered in this group
of truly resistant disease, especially for economically constrained patients.

e Revascularization and antiplatelet agents with or without statins are used in this
group of patients for symptomatic improvement as often advised by
cardiologists.

e Ustekinumab, a humanized anti-p40 monoclonal antibody that targets both IL-12
and IL-23 pathways, thus disrupting the Th1 and Th17 immune responses may
have a role.
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e Inaproof of concept study in three patients of Takayasu arteritis, all had improve-
ment in acute phase reactants with Ustekinumab and benefit in pain and fatigue
was noted with no severe side effects.

e IL-1 blockage has a theoretical role in Th17 cell activation and thus in pathogen-
esis, but has never been used in trials.

e Matrix metalloproteinase inhibitors, nitric oxide and Vascular endothelial growth
factors may have a pathogenic role and their inhibitors may be used in future, but
there is no clinical data on these agents till date.

e Patients with breakthrough flares and facing logistic difficulties of intravenous
infusion, TCZ can be given subcutaneously at the dose of 162 mg, initially
weekly or fortnightly and then tapered to monthly till disease activity is under
control.

12.11 Case Scenario Completion

Our patient presented for review asymptomatic with equal pulses and blood pres-
sure in limbs. Her ESR and CRP are within normal limits and are on stable dose of
mycophenolate. Her Cushingoid features are improving and deflazacort dose is
tapered to 6 mg/day at 6 months follow-up. Further tapering of steroid will be
attempted very slowly, not faster than 1 mg/month under close monitoring of dis-
ease activity.

Patient is advised for a subcutaneous TCZ in case of a flare as a stopgap measure
to avoid repeated hospitalization related logistic issues along with add on Tacrolimus
(relatively expensive); however, if finance is an issue in the long run, she may be
considered for any of the reserve agents like oral cyclophosphamide pulse,
Leflunomide or generic Tofacitinib. Three to 6 monthly follow up, or earlier if there
are symptoms of relapse, is mandatory throughout life. Treatment and follow up is
lifelong with the lowest effective maintenance dose of immunosuppressant, as TA is
rarely burnt out (contrary to belief); like most systemic autoimmune rheumatic dis-
eases, TA is also burning all the time in absence of immunosuppression in vast
majority of cases, even in absence of raised ESR/CRP. Figure 12.2 depicts the treat-
ment algorithm that is followed by us.
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Fig. 12.2 Algorithm for treatment of Takayasu arteritis
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in Rheumatological Disorders

Ashish Sharma and Ashok Kumar

13.1 Introduction

 Interstitial lung disease (ILD) is a group of disorders, which affect the pulmonary
interstitium by varying degrees of inflammation and fibrosis. Interstitium
includes alveolar epithelium, connective tissue in perilymphatic and perivascular
space, capillary basement membrane, and capillary endothelium. Although any
part of the lung can be involved in systemic autoimmune rheumatic diseases
(SARDs), including the pleura and the pulmonary vasculature, ILD remains the
commonest form of lung involvement. Treatment of ILD is challenging and is
further compounded by the potential pulmonary toxicity of various drugs used in
the treatment of SARDs. Biologic drugs have gained popularity in the treatment
of various SARDs because of their efficacy and safety. But their use in ILD
remains restricted. We discuss in this chapter the current status of biologic dis-
ease modifying anti-rheumatic drugs (-DMARDS) in the treatment of ILD.

e Inflammation is the harbinger of ILD, which if not controlled timely, can lead to
irreversible lung damage. Infiltration of inflammatory cells in the lung paren-
chyma leads to the release of pro-inflammatory cytokines. This also results in the
transformation of resident pulmonary fibroblasts to myofibroblasts which leads
to fibrosis.

e Inflammation predominates the initial stages (cellular stage) of ILD, which
appears on chest computed tomography (CT) as non-specific interstitial pneumo-
nia (NSIP). Advanced stage of ILD shows predominance of fibrosis (fibrotic
stage), termed idiopathic pulmonary fibrosis or usual interstitial pneumonia
(UIP) [the latter in cases of connective tissue disease-related ILD]. NSIP has a
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potential for significant improvement by immunosuppressive therapy. Once the
patient reaches the fibrotic stage, medical treatment does not lead to significant
improvement and lung transplantation remains the only treatment option.

e Various bDMARDs targeting different mediators of inflammation have been
approved for use in the treatment of SARDs. bDMARDs have also been studied
in patients with ILD but no formal guidelines exist. Most of the experience of
bDMARD:s for ILD has come from patients with ILD associated with systemic
sclerosis (SSc) or rheumatoid arthritis (RA).

13.2 Tumor Necrosis Factor Inhibitors

e Tumor necrosis factor-o (TNF-a) is the master cytokine, which is implicated in
the pathogenesis of many SARDs. TNF-a inhibitors are the most widely used
bDMARD:s in the treatment of various SARDs including RA, spondyloarthritis,
and juvenile idiopathic arthritis. Five TNF-inhibitors (TNFi) have been approved
for clinical use: infliximab (IFX), etanercept (ETN), adalimumab (ADA), golim-
umab (GOL), and certolizumab pegol (CZP). Because of the profibrotic potential
of TNEF, its inhibitors have been tried in the treatment of ILD [1].

¢ Stabilization of ILD has been observed after treatment with infliximab (IFX) in
RA and SSc [2]. IFX has also been shown to be effective in sarcoidosis, with a
more beneficial effect on extra-pulmonary manifestations [3]. Treatment with
adalimumab (ADA) led to a marked improvement in drug-resistant IL.D associ-
ated with dermatomyositis (DM) [4].

¢ On the other hand, Pervez-Alvarez et al. showed TNFi contributed to 96% of ILD
developing in patients after initiation of a bDMARD [5]. Similar results were
shown by the British Society for Rheumatology Biologics Register (BSRBR)
where ILD was more frequently observed in patients receiving TNFi compared to
those on conventional synthetic DMARDs (csDMARDs) [6]. Additionally, ILD
was the cause of death more frequently in patients on TNFi as compared to the
other group. Reports of acute exacerbations of ILD after TNFi therapy, severe
enough to cause death have also been reported in the literature [7-9].

e ILD occurs early in the course after the initiation of ETN and IFX, as shown by
Pervez-Alvarez et al. (mean 26 weeks) [5]. There are similar reports from Japan
on IFX, ETN, and ADA [10-12].

e Mixed results are available in the literature regarding the use of TNFi in ILD. This
is because TNF-a has both profibrotic and antifibrotic effects. TNF-a increases
the expression of transforming growth factor-p (TGF-f), which is a potent profi-
brotic cytokine [1]. Animal studies have shown an increased incidence of devel-
opment of lung fibrosis if TNF-« is depleted [13]. On the other hand, TNF-« has
a significant role in repair of damaged lung tissue and controlling the inflamma-
tion [14, 15]. It leads to apoptosis of the cells giving rise to inflammation in the
lungs and also promotes remodeling of the damaged alveoli and regeneration of
the microvasculature. By blocking the latter effects of TNF-a, TNFi can theoreti-
cally lead to the development or progression of ILD due to persistent inflamma-
tion in the lungs.
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e A study of more than 8000 patients with autoimmune diseases without ILD
treated with TNFi or csDMARD did not show increased risk of development of
ILD in those treated with TNFi as compared to csDMARD group [16].

e TNFi should be avoided in those with pre-existing ILD. Careful monitoring
should be done in all patients who are started in TNFi, especially in the first 6
months after treatment initiation.

13.3 Anti-B-Cell Agents

e B-cells play an important role in the pathogenesis of various SARDs. B-cells
contribute to inflammation by three mechanisms: production of antibodies, anti-
gen presentation to T-cells and production of cytokines. Rituximab (RTX) is a
humanized monoclonal antibody against CD-20, which has the widest use across
many SARDs. It leads to a reduction in the number of B-cells by complement-
mediated and antibody-dependent cell-mediated cytotoxicity. Because of potent
anti-inflammatory effects, RTX has been tried in ILD.

» Fitzgerald et al. showed significant efficacy of RTX in CTD-associated ILD [17].
Treatment with RTX resulted in improvement in diffusion capacity of lungs for
carbon monoxide (DLCO), forced vital capacity (FVC), and severity on CT scan
over a median follow-up of 12.3 months. RTX has also been shown to maintain
the stability of pre-existing ILD in patients with RA [18]. Similar results were
shown in another study from the UK in more than 50% of patients with drug-
resistant ILD associated with RA [19]. Stabilization of DLCO and FVC has also
been in seen in patients with anti-synthetase syndrome, not responding to cyclo-
phosphamide [20]. RTX is an attractive option for treatment of ILD, including
drug-resistant cases.

13.4 Abatacept

Abatacept (ABT) is a fusion protein of cytotoxic T-lymphocyte-associated antigen
4 (CTLA-4) and Fc portion of IgG1. CTLA-4 is the ligand for CD-28 on T-cells,
which prevents the binding of CD-80/CD-86 (on antigen-presenting cells) to CD-28,
thereby inhibiting the co-stimulation of T-cells. Abatacept has found utility in vari-
ous SARDs and has been used in patients with ILD.

Weinblatt et al. reported long-term safety of ABT in terms of development of
ILD in patients with RA [21].

13.5 Other bDMARDs

Tocilizumab (TCZ) has been shown to be effective in ILD [22, 23]. Safety of TCZ
in terms of ILD in patients with SSc was shown by Khanna et al. [24] On the other
hand, deterioration of pre-existing ILD has been reported in patients with RA [25,
26]. High disease activity was observed to be a predictive factor for TCZ-induced
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acute exacerbation of pre-existing ILD in patients with RA [26]. Insufficient data
are available for anakinra for its use in ILD. A trial of canakinumab in sarcoidosis
is underway. Basiliximab is a chimeric monoclonal antibody against a-chain of IL.-2
receptor on T-cells. Improvement in lung function and CT appearance has been
shown in patients with anti-melanoma differentiation-associated protein 5 (anti-
MDA 5) syndrome on treatment with basiliximab [27].

13.6 Idiopathic Pulmonary Fibrosis

Most of the drugs, including non-biologic and biologic DMARDs have shown nega-
tive results in the treatment of idiopathic pulmonary fibrosis (IPF). Rituximab has
shown benefit in acute exacerbations of IPF [28]. ETN has failed to show any ben-
efit compared to placebo after 48 weeks of treatment [29]. Tralokinumab is a mono-
clonal antibody against IL-13 which failed to show efficacy in IPF [30].
Lebrikizumab, another IL-13 antagonist, failed to show improvement in lung func-
tion [31]. Pamrevlumab, a monoclonal antibody against connective tissue growth
factor (CTGF) is yet to enter phase III trials after showing encouraging results in
phase II trials [32, 33]. SAR156597 is a bispecific antibody against IL-4 and IL-13
which failed in the treatment of IPF [34]. VAY 736, a monoclonal antibody targeting
B-lymphocyte stimulator (BLyS) is undergoing a phase II trial.

13.7 Conclusion

No formal guidelines exist regarding the use of bDMARDs in ILD. Most of the data
on the use of bDMARD:s in the treatment of ILD comes from case reports and case
series. Although literature shows contradictory results in the efficacy and safety of
bDMARD:s, rituximab and abatacept seem to be effective with a favorable safety
profile. TNF inhibitors have the potential to cause or exacerbate pre-existing
ILD. Fatal cases of ILD have been reported with tocilizumab. No effective biologic
therapy exists for IPF to date. Randomized controlled trials are needed to ascertain
the true efficacy of bDMARDs in ILD and determine their exact role in man-
aging ILD.
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14.1 Introduction

Osteoporosis (OP) is a systemic skeletal disease characterised by low bone mass
and microarchitectural deterioration of bone tissue. It is associated with increased
risk of fracture due to bone fragility, in response to minimal or low-velocity force
[1]. The sites commonly involved are vertebral, hip and distal radius, but can
occur at any site within the skeletal system.

Osteoporosis is a heterogeneous condition, involving interplay between endo-
crine, metabolic and mechanical factors. Osteoporosis can be classified into pri-
mary or secondary. Primary or idiopathic osteoporosis has been historically
classified as postmenopausal. This accounts for 80% of women and 60% of men
with osteoporosis. It results from a combination of factors including nutrition,
peak bone mass, genetics, level of physical activity, age of menopause and oes-
trogen or testosterone levels. Secondary cause can be found in 20% of women
and 40% of men [2, 3].

Low trauma fractures associated with osteoporosis are important health issues
because of their impact on morbidity, mortality and the significant socioeco-
nomic burden [4, 5]. Delayed diagnosis and under treatment are common, par-
ticularly in patients who have already sustained a fragility fracture.
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14.2 Therapeutic Options: Current and New

* The main goal of treatment is early identification of patients at risk of poor bone
health and timely intervention using a combination of lifestyle advice and phar-
macological treatment.

* The treatment of osteoporosis has evolved significantly, such that oestrogens are
no longer the drug of choice; their use is now limited for a perimenopausal and
postmenopausal women with co-existent menopausal symptoms. Similarly, use
of drugs like strontium ranelate [6], calcitonin [7], etidronate is an exception, not
the rule.

» The efficacy, as well as favourable safety profile, has made Bisphosphonates the
mainstay of treatment [8]. But in real-world experience, issues have come up
which affect their efficacy like lack of awareness among health care providers
and poor adherence from patient side. In addition, there are limitations to what
bisphosphonates, the most commonly used class of drugs, can achieve.

» Although bisphosphonates increase mineralisation of bone matrix and bone min-
eral density (BMD), they do this up to a certain point (average 3—6%). Most of
the expected gain in BMD is seen in the first 3 years after starting the drug; fol-
lowing which there is stabilisation of BMD with no further increase [9].

* Post-marketing surveillance has shown adverse reactions with long-term use of
these drugs including osteonecrosis of the jaw (ONJ) and atypical femoral frac-
tures. Although these adverse events are not unique to bisphosphonate use, drug
holiday, sequential therapy, combination therapy or emerging molecules mainly
targeting the stimulation of bone formation have been proposed as ways to over-
come these problems.

e In recent years, detailed knowledge of the molecular and cellular players has
greatly improved our understanding of bone biology. These new findings have
led to the development of drugs that act on the metabolic pathways of bone
resorption and formation—such as the receptor activator of nuclear factor kappa
beta (RANK) and its ligand (RANKL), osteoprotegerin (OPG), Cathepsin, Wnt,
sclerostin, dickkopf-1, and beta-catenin proteins.

* Approaches are diverse and include enhancement of the synthesis or activity of
a growth regulator or targeting a secreted growth factor antagonist. Development
of drugs targeting intracellular proteins would require the product to cross the
cell membrane making these molecules impractical targets for drug discovery.

» This handbook focuses on the use of biologics in the treatment of musculoskel-
etal disorders. In the field of osteoporosis, multiple novel drugs are in advanced
stages of development in various clinical trials unlike the plethora of biologics
already in use in inflammatory disorders like rheumatoid arthritis. This chapter
will, therefore, cover traditional bone agents in current use and expand on newer
agents with special emphasis on two biologics awaiting approval by regulatory
bodies (abaloparatide and romosozumab).

» Patient education in the management of osteoporosis is very important to ensure
compliance and adherence to change in lifestyle factors and use of bone agents
as per product specifications.
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Fracture risk is not reduced with calcium intake only, but when combined with
Vitamin D, there is a small reduction in hip and non-vertebral fractures, possibly
extending to vertebral fractures.

The commonest anti-resorptive drugs in use are bisphosphonates as they are effi-
cacious in reducing vertebral and hip fracture [10, 11].

Alendronic acid (70 mg) and risedronic acid (35 mg) are weekly oral tablets.
For patients who are unable to tolerate oral bisphosphonates or in whom oral
are contraindicated (patients with previous gastrointestinal bleed, oesophageal
stricture, achalasia or ulcers), intravenous Zoledronic acid infusion (5 mg) is a
good alternative. It is also a preferred option in patients in care or residential
homes, the frail and elderly for whom travel to hospital is difficult as the infu-
sion can be easily administered closer to home—in care homes, community
setting or even patients’ own home. The single infusion at intervals of 12 to
18 months has the added advantage of ensuring compliance with treatment
over weekly or monthly preparations and one to consider in patients with mul-
tiple co-morbidities on polypharmacy. Unless a patient has significant renal
impairment Cockgroft Gault GFR (CG GFR <35) intravenous zoledronate
infusion is increasingly becoming a preferred first-line therapy in this group of
patients.

As data on the efficacy of ibandronate [12], another bisphosphonate available as
monthly oral (150 mg) and 3 monthly intravenous preparation (3 mg), is limited
to efficacy in reduction of vertebral fractures but not hip and non-vertebral frac-
tures, this molecule is used in the exceptional circumstance where gain in spinal
BMD with a view to prevent vertebral fracture is the primary end point and all
other agents are either contraindicated or patient reports inability to tolerate or
experiences side effects.

Raloxifene, is a selective oestrogen receptor modulator (SERM). It is adminis-
tered daily orally (60 mg). Raloxifene has a marketing authorisation in the UK
for the treatment and prevention of osteoporosis in postmenopausal women [13].
Clinical trials have shown efficacy in vertebral fracture prevention only. Venous
thromboembolism is a known adverse event with SERMs. Its use is therefore
very limited. A good example where Raloxifene might be considered as an option
to improve bone health in a woman in the sixth decade of life, at high risk of
vertebral fracture with a family history of breast cancer.

14.3 Teriparatide

The recombinant human parathyroid hormone [PTH] 1-34, teriparatide is avail-
able as a self-administered daily subcutaneous injection at a dose of 20 pg daily
for 2 years. After completion of treatment, sequential therapy with another agent
must follow. At present this is usually an antiresorptive agent.

It is the first and most commonly used anabolic agent approved for the treatment
of osteoporosis and causes a 65% reduction in the incidence of vertebral frac-
tures and a 54% reduction in non-vertebral fractures [14].
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e It is ideal for a subpopulation of patients with severe osteoporosis and or, multi-
ple vertebral fractures. However, because of its high cost, its use is limited to
patients at very high risk of fracture and hence in the UK not recommended for
use as first-line therapy for osteoporosis.

e Biosimilar preparations have recently been introduced into the UK market but
the persisting high cost compared to other bone agents has meant no change in
guidelines for its use.

e Treatment is approximately for 24 months and it is co-prescribed with vitamin D
(800-100 IU/day) and calcium (1000—1500 mg—if not adequate by diet).

e Its use is contraindicated in children, patients with active Paget’s disease, hyper-
parathyroidism, pregnancy and lactation, severe renal impairment, metabolic
bone disease other than osteoporosis, prior external beam or implant radiation or
malignancies affecting the skeleton or hereditary disorders predisposing to
osteosarcoma. Where indicated, it is best to use this drug as first-line agent fol-
lowed by bisphosphonates (oral or IV) to maximise efficacy, gain in BMD and
fracture risk reduction. Prior use of anti-resorptive tempers the response to terip-
aratide on BMD.

e Newer modes of administration of Teriparatide, such as oral, transdermal and
intranasal are undergoing trials with a view to assess efficacy, tolerability and
compliance compared to the subcutaneous route. Administration of both alen-
dronate and teriparatide have not shown any benefits of the combination com-
pared to either agent alone [15, 16]. However, simultaneous administration of
intravenous zoledronate did not blunt the effect, and combination therapy
resulted in a greater increase in hip BMD than teriparatide alone [17].

e Combination therapy with denosumab over a 2-year period also showed a sub-
stantial increase in BMD at all sites (spine, hip and femoral neck) that was greater
than either agent alone [18, 19]. There is evidence to demonstrate that patients
switching from teriparatide to denosumab continue to gain BMD, particularly at
the hip [20]. Although combination therapy is currently not the norm, these
observations need to be borne in mind and form the basis of useful discussions
when considering sequential therapy in managing complex patients.

14.4 Abaloparatide

¢ It is an anabolic drug approved by the Food and Drug Administration (FDA) for
clinical use in 2017 [21]. It is a 34-amino acid synthetic analogue of parathyroid
hormone-related peptide (PTHrP). It shares 41% homology with human PTH
1-34 and 76% homology to human PTHrP (1-34). Its actions on bone are medi-
ated through the same receptor of teriparatide, PTH type 1 receptor (PTHIR),
which is expressed on the surface of osteoblasts and osteocytes. The PTHIR is a
G-protein coupled receptor that acts with two different conformations: RO and
RG. This difference in the respective interaction with the PTHRI1 leads to a more
transient effect of PTHrP of abaloparatide over teriparatide [22, 23].
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e This difference in mechanism of action could account for the favourable anabolic
action of abaloparatide; with abaloparatide displaying more modest effects on
bone resorption than teriparatide [23]. The drug has been studied in clinical trials
compared to placebo and teriparatide in preventing fractures in patients with
severe osteoporosis [24].

e In clinical trials treatment with abaloparatide at the licensed dose of 80 pg sub-
cutaneous daily, had a greater effect on BMD at all sites (lumbar spine, femoral
neck and total hip) compared to teriparatide but the reduction in major osteopo-
rotic fractures was not significantly different.

e Exploratory analysis of major osteoporotic fractures revealed a favourable out-
come for abaloparatide versus placebo (for vertebral fractures) and versus teripa-
ratide and placebo (for non-vertebral fractures). Post hoc analysis of the trial
underscored abalopartide’s anti-fracture efficacy across a wide age range, base-
line risk factors, independently of the presence or absence of previous fractures.

e Abalopartide is associated with adverse events like nausea, tachycardia and
hypercalcaemia in approx. 3% of subjects. Like teriparatide, due to potential risk
of osteosarcoma, the recommended cumulative use of abaloparatide is limited to
2 years during an individual’s lifetime. However, the drug was not approved for
use by the European Medicines Agency (EMA) as they had concerns about the
medicine’s effects on the heart, such as increases in heart rate and palpitations
[24, 25]. The EMA could not identify a group of patients in whom the benefits
would outweigh the risks. Abaloparatide, therefore, does not have marketing
authorisation in the UK. I have no personal experience in using this drug. In
countries where it is licensed for use, trials in men with osteoporosis and admin-
istration by other routes (dermal patch) are being evaluated.

14.5 Denosumab

e Itis the first biologic licensed for both primary and secondary prevention of fra-
gility fractures. It is a fully humanised monoclonal antibody against RANKL
which blocks osteoclast maturation. It has proven efficacy in reducing risk of
vertebral, non-vertebral and hip fractures [26].

e It is administered as a subcutaneous injection 6 monthly. It is an antiresorptive
agent, similar to bisphosphonates, but due to its route of administration and 6
monthly dosing regimens, the adherence and persistence to treatment are higher
than bisphosphonates. Unlike bisphosphonates its actions do not last in the
bone matrix.

 Injection site cellulitis and hypocalcaemia are common side effects. It is a useful
bone agent in patients where bisphosphonates are contraindicated due to poor
renal function. As risk of hypocalcaemia with this drug is slightly high, it is rec-
ommended that serum calcium is checked prior to initiation of treatment, and
7-14 days after the drug is administered. Osteonecrosis of the jaw (ONJ) is also
reported similar to other bone agents. Unlike bisphosphonates, BMD increases
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year on year for the total duration of denosumab therapy making it the bone
agent of choice in a subgroup of patients who have very low T scores at baseline.

e In contrast to bisphosphonates, on cessation of denosumab therapy, rebound
rapid bone loss and increased risk of vertebral fracture have been reported. A
single infusion of Zoledronic acid as sequential therapy to conserve the gain in
BMD is often employed.

14.5.1 Newer Therapies

Drugs manipulating the canonical Wnt pathway are recent therapeutic advances for
the treatment of osteoporosis. This pathway is a major regulator of osteoblast function
[27, 28]. This key bone anabolic pathway is negatively regulated by sclerostin and
dickkopf-1 (Dkk-1), which bind to LRP5/6 and kremen, respectively, inhibiting Wnt
signalling. Wnts constitute a family of glycoproteins that play a fundamental role in
the biology of many cells. Wnt/p-catenin signalling controls skeletal development and
adult skeletal homeostasis. Wnt pathway is activated by the binding of a Wnt-protein
ligand to a receptor complex composed of LRP-5/6 (low-density lipoprotein receptor-
related protein) and a Frizzled protein (Fzd). Fzd recruits Axin and forms a complex
which inhibits f-Catenin. Free -catenin accumulates in the cytoplasm, translocates to
the nucleus and regulates the transcription of target genes required for osteoblastogen-
esis thereby enhancing bone formation. Wnt signalling also has an inhibitory role in
osteoclastogenesis and bone resorption by inducing OPG (osteoprotegerin), secreted
by osteoblasts. In addition, Wnt suppresses adipogenesis.

14.6 Sclerostin

e Major Wnt inhibitor Sclerostin, is a glycoprotein secreted by osteocytes and
encoded by the SOST gene [17q12—q21] [29]. Sclerostin binds to the LRP-5/6
receptors and prevents binding to the Fzd receptor leading to phosphorylation
and degradation of p-catenin and disruption of the Wnt target gene expression
[30]. In this way, the Wnt signalling pathway is inhibited, consequently inhibit-
ing osteoblast proliferation, differentiation and function. Sclerostin also stimu-
lates the production of RANKL from osteocytes thereby enhancing
osteoclastogenesis.

e The Wnt/p-catenin canonical pathway is underscored by the identification of two
inherited human diseases, van Buchem disease [31] and sclerosteosis [32], pre-
senting with high bone mass, resistance to fractures and elevated levels of bone
formation markers found to be due to impaired sclerostin expression and func-
tion, caused by inactivating mutations of SOST, the gene encoding sclerostin.
Inactivating mutations of the LRP 5 causes osteoporosis-pseudoglioma syn-
drome characterised by fractures and severe bone loss.
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e The pharmaceutical industry has recently developed three monoclonal antibod-
ies against sclerostin: blosozumab (LY251546), setrusumab (BPS804) and
romosozumab (AMG-785). In pre-clinical studies, sclerostin antibodies have
been shown to increase bone mass at several skeletal sites and improve trabecular
microarchitecture. There is an increase in bone formation followed by a decrease
in bone resorption, thus uncoupling the two phases of bone metabolism.

14.7 Romosozumab

e It is a fully humanized monoclonal antibody that inhibits sclerostin and has
recently been approved for use in women and men in a few countries [33]. Itis a
novel anabolic agent with dual effects thereby increasing bone formation and
decreasing bone resorption. The drug development programme enrolled 14,000
patients in 19 clinical trials. It is administered subcutaneously at the monthly
dose of 210 mg for 1 year. In trials, it has been studied using 12 months of the
drug followed by 12 months of alendronate compared to 24 months of alendro-
nate alone in postmenopausal women.

¢ Romosozumab use results in an increase in bone formation markers, reduction in
bone resorption markers, increase in cortical thickness and BMD on high-
resolution QCT scans of the spine.

e Treatment with Romosozumab, results in an early and rapid increase in bone
formation markers (PINP) that peaks at 1-3 months, then return to baseline by
month 6 and finally remains below baseline during the study duration. In paral-
lel, there is a rapid decline CTX within the first month which remains suppressed
during duration of study. Observed increases in BMD at both the spine and hip
of 11.3% and 4.1%, respectively, were greater than those observed with teripara-
tide or alendronate.

e Phase 3 studies [34-36] have established the efficacy of Romosozumab in pre-
venting new vertebral fractures (73%), clinical fractures (36%), while prevention
of non-vertebral fractures was not significant. Neither study was powered to eval-
uate the effect on hip fracture risk. The gains in BMD at both the spine and the hip
in 2 years exceeded the effects of 7 years of continuous denosumab therapy.

e In patients pre-treated with a bisphosphonate, sequential therapy with
Romosozumab resulted in superior gains in BMD at lumbar spine, total hip and
femoral neck compared to patients transitioning to teriparatide ((9.8% vs 5.4%,
2.6% vs —0.6%, and 3.2% vs —0.2%, respectively). This study (STRUCTURE—
STudy evaluating effect of RomosozUmab Compared with Teriparatide in post-
menopaUsal women with osteoporosis at high risk for fracture pReviously
treated with bisphosphonate therapy) highlights differences in the effects
observed in using an anabolic agent (Romosozumab versus Teriparatide) as
sequential therapy after commonly used antiresorptive agent (bisphospho-
nates) [37].
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e The main difference between romosozumab and teriparatide is dual anabolic and
anti-resorptive action of romosozumab vis-a-vis exclusive anabolic effect of
teriparatide.

e Most common adverse event observed was mild injection site reaction (5.2%)
versus 2.9% placebo [34]. A rare occurrence of ONJ and few atypical femoral
fractures have been reported with the drug. It is contraindicated in patients with
a history of myocardial infarction or stroke as trials have shown around two
times increase in the incidence of cardiovascular events in the romosozumab
treated patients [36].

e Safety data in patients with severe renal impairment (estimated glomerular filtra-
tion rate [eGFR] 15-29 ml/min/1.73 m?) or receiving dialysis is limited. As they
are at greater risk of developing hypocalcaemia, caution needs to be taken if
using the drug. Unlike, teriparatide and abalopartide, there is no concern about
potential tumours. Romosozumab has been approved for use in Scotland and
Northern Ireland; NICE has rejected the application for use in England. (per-
sonal communication Nov 2021).

e Additional sclerostin antibody drugs in development are Blosozumab [38] and
BPS804. Other targets in drug development are antagonists to calcium-sensing
receptor (CaSR) on parathyroid glands, antibodies against Dickkopf-1 (Dkk-1)
and c-Src kinase inhibitors.

e Despite recent advances, development of new molecules and increased under-
standing of the drugs, there are various issues such as duration of treatment,
duration of drug holiday, whether to use single agent or combination therapy,
choice of sequential treatment that still have no evidence base and usage is
guided by expert opinion.

14.8 Summary

Our better understanding of bone biology at the cellular level and signalling
pathways has led to search and development of new agents, preferentially to
obtain an anabolic response by targeting osteoblast differentiation and function.
There is increasing evidence supporting the use of sequential therapy with an
anabolic agent followed by an antiresorptive in patients at high risk of fragility
fracture. Two agents, both anabolic (abaloparatide and romosozumab) have
shown promising results in clinical trials with anti-fracture efficacy data.
Although abaloparatide has not been approved by EMA and is currently not
approved for marketing in the UK, FDA approval 3 years ago is likely to produce
data on its use in the real world. Romosuzumab has been approved for use in men
and women in a few countries including the European Commission, but its
approval for use in England by NICE has been rejected. Other biological agents
neutralising Dkk-1, sclerostin, c-Src kinase, cathepsin and caSR in various stages
of clinical trials represent promising new therapeutic options.
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Siddharth Kumar Das

15.1 Introduction

Osteoarthritis is a non-glamourous disease for which generally neither rheumatol-
ogists nor orthopedicians, take any interest. The Rheumatologists love the disease
to the extent that they can oblige their orthopedic colleagues and the Orthopedic
surgeons love it for a chance to replace the joints. This is so because there is no
pharmacological treatment available for Osteoarthritis. OA is a disease generally
marked by a relentless course leading to disability and or joint replacement.
Unfortunately, the disease is quite common and is possibly the fourth commonest
cause of disability in India. It is also associated with increased mortality being
associated with poor control of Diabetes and Heart disease. Osteoarthritis Research
Society Internationale has labelled it as a “Serious disease” requiring urgent mea-
sures to tackle the disease.

Current Treatment options according to OARSI and the American College of
Rheumatology mainly list non-pharmacological interventions. Pharmacological
therapies are limited. The only pharmacological measures that are consistently
effective in relieving symptoms are NSAIDS. Other pharmacological treatments are
either considered of doubtful utility or outright rejected as useless. NSAIDS are
believed to have high gastrointestinal, renal, and cardiac toxicity with wide public-
ity resulting in doctors not advising or patients not agreeing to start them. In such a
setting, it is but natural to start thinking of biological therapies that may be useful in
osteoarthritis patients. Biological therapies have been tried with a mixed bag of
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results. There are two types of biological therapies, the first is cell-based therapies
and other is monoclonals or other non-cell-based therapies. This chapter focuses on
non-cell-based therapies.

It was previously believed that Osteoarthritis is a degenerative disease of the
Cartilage. The two main proteins that make up the cartilage are Collagen and
Aggrecan. Degeneration of these is mediated by Matrix Metalloproteinases—
Aggrecanases and Collagenases. It is now widely believed that Osteoarthritis is a
disease of the whole joint with well-defined biochemically mediated pathways.
Secondly, it has been possible to identify many pathways that result in symptoms
(pain), or pathways involved in joint inflammation and degeneration, or joint regen-
eration. The main cytokine involved in Osteoarthritis is Interleukin 1 beta (IL1p).
IL1pB is produced by conversion of Pro-IL1f by activated Caspase 1. Activated
Caspase 1 is produced by activation of Inflammasome. How and why this inflamma-
some is activated is under investigation. IL1f leads to an inflammatory response and
activates MMPs (Matrix Metalloproteinases) and Aggrecanases or ADMTS (“A
Disintegrin and Metalloproteinase with Thrombospondin motifs”), prostanoids,
nitric oxide, and free radicals, all believed to cause cartilage degeneration and
inflammation in joint tissues. It also blocks the reparative process by inhibiting the
synthesis of collagen-II and proteoglycans. Aggrecanases 1 (ADMTS-4) and 2
(ADMTS-5) are believed to proteolyze Aggrecan. ADMTS-5 is the main
Aggrecanase to proteolyze Aggrecan. TNFa is another cytokine which is consid-
ered important for degeneration. Whereas the main substance thought to produce
nociception is Nerve Growth factor.

Any treatment for Osteoarthritis including Biologicals would generally be acting
predominantly on one or more of the three pathways:

1. Pain blocking.
2. Stopping degeneration.
3. Regeneration of tissues.

15.1.1 Biologics Targeting Pain Pathways

e Traditionally, it has been believed that since there can be no disease modification
in Osteoarthritis hence only pain suppressants with least side effects are required.
Paracetamol (acetaminophen) was initially advocated. It was seen that it does not
help much. NSAIDs were then advocated but have been under a cloud because
of side effect profile. Despite the adverse side effect profile, NSAIDs continue to
be used maximally. Many advise opioid analgesics, but I am never in favor of
them. The new kids on the block are new Monoclonals against Nerve Growth
Factors.

¢ Nerve Growth factor (NGF) is elevated in patients with Osteoarthritis. Besides,
there is an increase in Nociceptors and nociceptive nerve fibers in all tissues of
the joints. This NGF may be responsible for the intractable pain in joint. To
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Target NGF, Pfizer is actively pursuing Tanezumab for treatment of Osteoarthritis.
Teva and Regeneron are developing Fasinumab. Initial clinical trials had to be
stopped due to reports of Rapidly Progressive OA (RPOA) in some patients
Hochberg. However, studies have continued using low-dose Tanezumab.

e The first study published on the efficacy of Tanezumab was published by Lane
et al. [1]. There have been many Phase II and III studies, a Systemic review pub-
lished in 2015 reviews many of these studies [2]. In a phase IIb/III study Daikin
et al. [3] showed Fasinumab significantly improved pain and function in patients
with hip and/or knee OA.

e In a lower dose phase 3 study in patients with unresponsive pain to standard
therapy, 2.5 mg Subcutaneous Tanezumab at day 0 and Week 8 reduced pain,
improved physical function and patient Global assessment [4]. Similar results
were seen if 5 mg was given at 8 weeks. In another Phase III study Tanezumab
2.5 mg at Day 0 and 5 mg at every 8 weeks improved function and pain and
Patients global assessment, however, 2.5 mg dose every 8 weeks did not
improve patient global assessment. Both Tanezumab in doses of 2.5 to 10 mg
and Fasinumab 3 to 9 mg resulted in RPOA, and Osteonecrosis in a dose-
dependent manner [3, 5, 6]. Both therapies are yet to be approved by FDA
for use.

15.1.2 Stopping Degeneration

IL1p and TNF « are the main Leukotrienes involved in the degenerative process.
These leukotrienes besides producing inflammation also activate Matrix
Metalloproteinases and Collagenases. These MMPs and Collagenases damage
aggrecan and collagen. Degeneration and damage are believed to be due to inflam-
matory processes mediated by these inflammatory cytokines. Many Anti-IL.1 mono-
clonals and anti-TNF monoclonals have been used. Monoclonals targeting MMPs
are on the anvil.

15.2 IL-1 Countering Monoclonals

Anti-Interleukin-1 monoclonals are being tried since IL-1 is believed to be central
to the pathogenesis of Osteoarthritis. In clinical settings, IL-1 blockers have been
shown to reduce pain in OA.

15.2.1 Monoclonals Targeting IL1 Molecule
e Canakinumab is a recombinant monoclonal that binds to IL1p but not to IL1a

nor to IL1 Receptor Antagonist (IL1ra). It prevents binding of IL1{ to IL1 recep-
tor. It is generally used in Cryopyrin-associated periodic syndromes. It has been
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recently tried for coronary artery disease in the CANTOS (Canakinumab Anti-
Inflammatory Thrombosis Outcomes Study) Trial. The study looked for
Cardiovascular events, in patients who already had a myocardial infarction, over
5 years. Osteoarthritis was not the aim of the trialists.

e Inapost hoc analysis effect on Osteoarthritis was evaluated. Since Osteoarthritis
was not the primary starting point the authors noted how many patients had a hip
or knee replacement due to a diagnosis of Osteoarthritis as per their discharge
records. This was the hardest evidence of diagnosis of Osteoarthritis in that
study. They found that in the Canakinumab group there were fewer knee and hip
joint replacements.

e Canakinumab was given in a dose of 50, 150, and 300 mg subcutaneously. The
hazard ratios (HRs) for incident Joint replacements during median 3.5-year fol-
low-up were 0.60 (95% CI, 0.38 to 0.95) for the 50-mg group, 0.53 (CI, 0.33 to
0.84) for the 150-mg group, and 0.60 (CI, 0.38 to 0.93) for the 300-mg group,
suggestive of good activity in Osteoarthritis [7].

e Canakinumab was further tried as a single dose Intra-articular therapy in patients
with Osteoarthritis of the knee. It was found that there was no difference in side
effect profile nor efficacy from placebo (Clinical Trial number NCT01160822).
A Phase 2 Clinical Trial of Intra-articular Canakinumab and another Novartis
drug Intra-articular LNAO34 (see below) is underway and has enrolled 133
patients.

¢ Gevokizumab, a monoclonal similar to canakinumab in mechanism of action
has been tried in Hand OA, but results are not available so far (Clinicaltrialregistry.
gov NCT02293564).

15.2.2 Drugs Acting on IL1 Receptor

e AMG 108, monoclonal antibody by Amgen, attaches to the IL-1 Receptor and
blocks the activity of both IL-1p and IL-a. Given as Subcutaneous injection
AMG 108 was well tolerated in human trials, but effect did not reach significance
over 12 weeks compared to placebo. In another trial safety was again demon-
strated but there was no significant relief. The development program for AMG
108 was terminated because of lack of efficacy [8].

e Anakinra also did not show significant improvement in symptoms in OA [9].

e ABT-981 or Lutikizumab, similar to AMG 108, blocks IL receptor for both IL1a
and P. In a phase 1 trial, the monoclonal was found to be safe and well tolerated
[10]. Fleishmann et al. [11] presented a Phase II trial of Lutikizumab in Knee
Osteoarthritis wherein Pain relief was seen in WOMAC pain scores at 16 weeks
with a 100-mg dose but not with 200 mg dose. There were no improvements in
Synovitis on MRI at 26 and 52 weeks. Similarly, there was no significant
improvement in Hand OA [12]. A Meta-analysis of various treatments in
Osteoarthritis evaluating Lutikizumab also did not show any significant benefit
of this monoclonal [13].
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15.2.3 Anti TNF Therapies

TNF is supposed to play an important role in the damage and symptoms of
Osteoarthritis. Anti TNF therapies have been tried in Osteoarthritis with mixed
results.

e Etanercept, a recombinant TNF receptor fusion Protein, has been investigated. In
knee osteoarthritis, Ohtori et al. [14] found improvement in knee pain. In the
EHOA trial a double-blind placebo trial of etanercept in hand OA did not provide
relief compared to placebo [15] but at 52 weeks there appeared to be some MRI
evidence of fewer bone marrow lesions.

e Infliximab, a chimeric human—mouse monoclonal antibody directed against TNF
showed some relief in symptoms and radiological pictures when directly injected in
joints with inflammatory Hand OA [16]. No study in Knee osteoarthritis was found.

e Adalimumab, a fully human monoclonal directed against TNF was found to be
effective in erosive hand OA [17]. But Adalimumab was not found effective in
erosive hand OA in double-blind trial conducted by Chevalier et al. [18]. For
knee OA, Grunke and Shulze-Koops [19] presented one patient who was given
Adalimumab and had good responses. In an open-label study of subcutaneous
40 mg adalimumab fortnightly in 20 patients with knee OA 14 patients met the
OARSI-OMERACT response criteria at 12 weeks [20]. Vasudeva et al. [21] 2019
reported good improvement in OA knee with10 mg Intra-articular Adalimumab
in one patient. Wang [22] studied Intra-articular adalimumab in an open-label
study comparing adalimumab and Hyaluronic acid and found it to be safe and
effective as compared to hyaluronic acid.

15.2.4 Targeting Cartilage Breakdown

Cartilage breakdown occurs due to collagenases and Aggrecanases, hence they have
been targets of treatment [23].

Collagenases Basically MMP-1, 13, and 14 are the important collagenases. Of
these MMP-1 and MMP-14 are considered housekeeping collagenases. MMP-13 is
the main enzyme that leads to joint damage. It has been found to be difficult to block
MMP-13. General MMP blockers chelating Zinc have led to a “Musculoskeletal
Syndrome” (MSS) due to excess formation of Collagen. Non-biological therapies,
that block MMP 13 and do not lead to production of MSS, are currently in research
phase. A monoclonal Ab 14D10 specific for active MMP-13 is still in infancy.

Aggrecanases Both non-biological therapies and biological therapies are being
developed. Various biological therapies developed for Blocking ADAMTS-5 have
so far not left the laboratory. Development of GSK 2394002 a humanized ADAMTS
selective monoclonal was stopped because of unacceptable cardiovascular toxicity.
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Another monoclonal CRB0017 targets the ancillary domain of ADAMTS and was
found to be useful for delaying disease progression and some pain relief in mouse
models. A nanobody (Single Domain antibody fragments) M6495 conjugated to
half-life extension arm of S. albumin inhibited aggrecan turnover and has reached
Phase I clinical trials. Two Phase 1 Human studies in normal healthy people and in
patients with Osteoarthritis have been completed in 2019 (NCT03583346), how-
ever, no results have been posted yet.

15.2.5 Biologicals with Disease Modifying Properties
in Osteoarthritis or Growth Factors

Growth factors are being studied with the aim to regenerate cartilage and other tis-
sues. Current research may lead to the first disease modifying therapy for
Osteoarthritis.

A. Sprifermin, a recombinant human fibroblast growth factor 18 (rhFGF18), binds
to and activates Fibroblast growth factor receptor3. This promotes
Chondrogenesis. Chondrogenesis, in turn, promotes matrix formation and carti-
lage repair [24]. Hochberg et al. [25] showed that Intra-articular Sprifermin is
safe and well tolerated. Eckstein et al. [26], and Roemer et al. 2016 [27] by way
of a post hoc analysis of the same data showed reduced cartilage loss, increased
cartilage thickness, and improved BMLs. In a Phase II Drug trial (named
Forward trial), Sprifermin, a dose of 100 ug is given Intra-articularly every 6 or
12 months, increased total knee joint cartilage after 2 years of treatment. It had
a limited effect on pain [28]. In post hoc analysis Brett et al. [29], and Eckstein
et al. [30] showed that not only did cartilage volume increase, the rate of deterio-
ration of cartilage was slowed down to normal cartilage levels. A five-year fol-
low-up study of the Forward trial showed that benefits of Sprifermin were
maintained for at least 3.5 years in terms of increased cartilage and 50%
improvement in pain [31].

B. LNAO043 is another compound being researched by Novartis. It is a modified
human angiopoietin-like 3 (ANGPTL3) protein and is an inducer of
Chondrogenesis. Phase 1 results on 30 patients given LNA043 Intra-articularly
before Knee replacement therapy yielded overall good safety and tolerability
[32]. The side effects were more related to total knee replacement surgery pro-
cedure than to LNAO043. Biochemically there were chondro-anabolic changes
though no clinical effects in this short study. A phase 2 trial with expected 138
participants has started this year (Clinical Trial number NCT04814368).

15.3 Summary

Though many biologicals are being investigated for Osteoarthritis none has come to
clinical use. However, 2-3 biologicals are poised to come to the market in the next few
years. The most promising ones are the pain-reducing Tanezumab. Despite reports of
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increased damage to articular tissues small doses of Tanezumab may be used in
patients needing short duration relief from severe pain. The long-term use of
Tanezumab is to be discouraged. The second is Sprifermin that has the potential for
cartilage repair though has limited pain relieving properties. The third would be
Canakinumab. It was given systemically in the large-scale “Cantos” trial. It was safe
and a sub-analysis showed a reduction in joint replacement surgeries. It requires a
phase 3 trial in patients with Osteoarthritis knee and or hip for critical evaluation.
Current trials are focusing on Intra-articular use make making Phase 1 and 2 trials
necessary for this new drug route. I have always believed that osteoarthritis is a sys-
temic disease that involves all joints, though OA may be clinically evident in one joint
only, hence it should be systemically treated. Another approach would be a combina-
tion of chondro-anabolic agent with a pain relief agent. Other biologicals are in phases
of development, and we may be able to obtain one or more biologicals in near future.
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Mehul P. Jariwala and Sujata Sawhney

16.1 Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous disorder characterized by
chronic arthritis of childhood with an unknown etiology starting before the age of
16 years and lasting for more than 6 weeks. Seven JIA subsets are proposed by the
current International League of Associations for Rheumatology (ILAR) [1]. Though
these groups were designed to be mutually exclusive, some degree of overlap does
occur. The clinical presentation, course, prognosis, and response to treatment with
disease modifying drugs differ between these groups. Insights into the biologic
basis and pathogenesis of the disease subtype have led to the greatest improvements
in care with improved efficacy and tolerability of treatments for JIA.

Multiple pro-inflammatory cytokines such as interleukin- 18, interleukin-6, inter-
leukin-17, and tumor necrosis factor-alpha (TNF) play a major role in the pathogen-
esis of inflammation in JIA [2]. Biologicals are defined as large, complex molecules
(specific proteins) specifically targeting proinflammatory cytokines or cell surface
antigens [3]. Some biologics inhibit cytokine function through nearly complete
elimination or neutralization of the target cytokine while others interfere with cell-
to-cell interaction and thereby inhibit T-cell activation or deplete the B cells. The
inhibition of these cytokines or alteration in the mechanism of cell activity leads to
an anti-inflammatory effect (Fig. 16.1) [4].
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16.2 Interference with Cytokines

Tumor necrosis factor-alpha (TNF-a): The cytokine TNF was first linked to rheu-
matoid arthritis, and elevated levels of TNF have been reported in JIA patients. TNF
is a soluble 17 kD protein produced by T lymphocytes, monocytes, and macro-
phages. Post receptor binding, TNF is capable of synthesis of prostaglandins, pros-
tacyclins, and other proinflammatory cytokines. Anti-TNF- a therapy (Etanercept,
Adalimumab, and Infliximab) is usually used as the first biologic treatment in
refractory oligoarticular or polyarticular JIA [5].

16.2.1 Soluble TNF Receptor Fusion Protein

16.2.1.1 Etanercept

* Etanercept (ETN) is fully human, a dimeric fusion protein of the human p75
TNF-a receptor and the Fc region of human IgG1. It binds to circulating soluble
TNF-a, preventing its interaction with the cell surface receptor and the subse-
quent inflammatory response.

It is the first TNF inhibitor approved for the treatment of JIA. It is administered
subcutaneously once weekly in a dose of 0.8 mg/kg of body weight.

e ETN was first evaluated in a group of 69 children with polyarticular juvenile
rheumatoid arthritis with over 70% responses (PedACR30 criteria) noted in the
etanercept treatment group after 3 months of open-label treatment. No signifi-
cant differences in the frequency of adverse events were identified between the
two ETN and placebo groups.

e CLIPPER study: The efficacy and safety of ETN was reevaluated in phase 3b,
open-label, multicenter study in patients with extended oligoarticular juvenile
idiopathic arthritis, enthesitis-related arthritis (ERA), or psoriatic arthritis
(PsA). ETN treatment for 12 weeks was effective [6] with higher proportions of
patients achieving PedACR 50/70/90/100 responses and inactive disease status
at week 12. The 2-year clinical benefit and safety of ETN demonstrated sus-
tained efficacy at treating the clinical symptoms of all three JIA categories [7].

e TREAT trial: ETN was also evaluated for an early aggressive treatment of
polyarticular JIA in a placebo-controlled study over 6 months in 85 children
aged 2—16 years with a disease duration of fewer than 12 months. Aggressive
treatment with methotrexate, ETN, and prednisolone were compared with
methotrexate and placebo. This trial failed to reach its primary endpoint (clini-
cal inactive disease at 6 months). The proportion of children in clinical remis-
sion on medication within 12 months of treatment was comparable in both the
groups [8].



168 M. P. Jariwala and S. Sawhney

Combined treatment with etanercept and MTX could improve the efficacy of the
biologic drug [9].

Adverse events (AE): Reported AE are generally mild and transient. Large
national database studies [10] as well as long-term open-label studies [11, 12]
have highlighted no increased risk of adverse events and infection with ETN. No
apparent association is reported between the occurrence of malignancy and treat-
ment with Etanercept [3, 13].

16.2.2 Monoclonal Anti-TNF Antibody

16.2.2.1 Adalimumab
Arthritis:

Adalimumab (ADA) is a fully humanized monoclonal anti-TNF antibody
approved for treatment in patients with polyarticular JIA and uveitis. It binds
both soluble and membrane-bound TNF-a.

It is administered as a subcutaneous injection given every other week. The dos-
ing is weight based: 20 mg for children weighing <30 kg and 40 mg for children
weighing >30 kg. ADA can be used weekly to treat juvenile idiopathic arthritis
(JIA) and uveitis. The safety of weekly dosing was recently published [14, 15].
Adalimumab demonstrated efficacy in treating polyarticular JIA with or without
the concomitant use of methotrexate in 2008. In a randomized, double-blind,
placebo-controlled withdrawal study in children with JIA, 74% percent of
patients not receiving methotrexate (64 of 86) and 94% of those receiving metho-
trexate (80 of 85) had an ACRPed30 response at week 16. Eighty-eight percent,
80%, and 59% of patients on monotherapy and 95%, 92%, and 82% of patients
on a combination with methotrexate showed a response according to PedACR
30, 50, and 70 criteria, respectively. In the “no methotrexate” arms of the study,
the flare rate was 71% in the placebo group vs. 43% in the adalimumab group (P
1/4 0.031); in the “concomitant methotrexate” arms of the study the flare rates
were 65% (adalimumab) vs. 37% (placebo) [16].

Adalimumab also demonstrated efficacy in phase 3, multicenter, randomized
double-blind study in patients aged 26 to <18 years with enthesitis-related arthri-
tis (ERA). Significant reduction in the active joint count was noted at week 12 as
compared to placebo and responses increased further with continued adalim-
umab therapy through week 52 [17].

Though fully humanized, the development of anti-drug antibodies is known. A
recent study identified a high incidence of anti-drug antibodies in a cohort of
adalimumab-treated JIA patients observed over a mean period of 40 weeks,
which also correlated with the number of relapses [18].

In the German Biker registry, high percentages of patients in both ADA and ADA
with MTX showed sufficient treatment response [19].

SBS5 is a biosimilar the reference anti-TNF monoclonal antibody adalimumab. It
is approved for use in the indications for which reference ADA is approved. The
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safety, tolerability, and efficacy profile is similar to that of reference ADA and its
role in the management of JIA and non-infectious uveitis is well established [20].
Adverse events: In a recent review evaluating the safety of ADA, commonly
reported AE were upper respiratory tract infections, nasopharyngitis, and head-
ache. No malignancies were reported and no new safety signals were identified
in the treatment of pediatric patients with adalimumab [21].

Uveitis:

SYCAMORE Trial: In a multicenter, double-blind, randomized, placebo-
controlled trial, ADA was found to be safe and efficacious in the treatment of
JTA-associated uveitis. In this trial children with active JIA-associated uveitis (on
stable doses of methotrexate) were randomized in a 2:1 ratio to receive either
ADA or placebo. Treatment failure of 16% was observed in the ADA group com-
pared to 60% in the placebo group. Adverse events were reported more fre-
quently in patients receiving adalimumab [15].

In a retrospective interventional case series in participants enrolled from a single
center in the SYCAMORE trial, the drug-induced remission of JIA-uveitis did
not persist when ADA was withdrawn after 1-2 years of treatment. Children who
continued on ADA tolerated the drug well with excellent visual acuity out-
comes [22].

ADJUVITE trial: It favored the use of using ADA in patients with early onset,
chronic anterior uveitis associated with JIA, in case of inadequate response to
topical therapy and MTX [23].

A recent meta-analysis and systematic review provided evidence of ADA in
reducing inflammatory activity, improving visual acuity with sparing corticoste-
roid use. ADA was associated with only minor adverse events [24].

16.2.2.2 Infliximab
Arthritis:

Infliximab is a chimeric murine—-human monoclonal anti-TNF antibody consist-
ing of a mouse Fab fragment antibody and the constant region of human IgG,_ It
binds both soluble and membrane-bound TNF. It is not approved for the treat-
ment of JIA.

It is used as an intravenous infusion in a dose range of 3—6 mg/kg body weight
and infusion intervals of 4 to 8 weeks. Higher dose of Infliximab >10 mg/kg has
been found to be safe [25].

Infliximab failed to show its efficacy in a multicenter, double-blind, placebo-
controlled study in polyarticular JIA (primary endpoint by week 14) between
patients who received infliximab (3 mg/kg) and placebo [26]. The lack of statisti-
cal significance in this trial was attributed to a smaller sample size, a higher rate
of response in the placebo group and a smaller dose with a faster drug clearance
in the pediatric age group. In a cross-over design patients initially treated with
placebo later on received infliximab in a dose of 6 mg/kg body weight. A higher
clinical response was achieved in this group with fewer infusion reactions. The
long-term efficacy and safety of infliximab plus methotrexate were assessed in
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the polyarticular course of juvenile rheumatoid arthritis in the open-label exten-
sion phase. Even though the high dropout rate was identified, infliximab was safe
and effective (week 204) [27].

e ACUTE-JIA trial: A randomized open-label trial that compared methotrexate,
methotrexate/sulfasalazine/hydroxychloroquine (COMBO), and infliximab
(3-5 mg/kg) with methotrexate in disease modifying antirheumatic drug-naive
patients. At week 54, ACRPed75 was achieved in 100% on infliximab, 65% on
COMBO and 50% on methotrexate monotherapy. In this trial, patients on
infliximab remained in a state of inactive disease for a longer duration than the
other two treatment arms [28, 29].

e Concurrent use of MTX is advisable to prevent the development of human anti-
chimeric antibodies. Higher infusion reactions and accelerated drug clearance
are reported in patients with these anti-drug antibodies.

e Adverse events: The common AE reported were upper respiratory tract infec-
tions (viral/bacterial), pharyngitis, reactivation of latent tuberculosis, and head-
ache. Infusion reactions have been reported in 32% of patients with a higher
incidence in patients who have anti-drug antibodies [30].

e SB2is abiosimilar of the reference anti-TNF-a antibody infliximab. Data regard-
ing use in JIA is not available.

Uveitis:

e A high remission rate of 43% was reported in refractory JIA-uveitis from an
Italian National Registry [31]. In patients with non-infectious uveitis (different
etiology; 15/16 JIA associated uveitis) a higher remission of 82% was
reported [32].

e In a retrospective study, higher than the recommended dose for infliximab have
been suggested to achieve disease control in patients with uveitis [33].

16.2.3 Inhibition of Interleukin-1

Interleukin-1 (IL-1) is a pro-inflammatory cytokine produced by monocytes/macro-
phages, neutrophils, endothelial cells, and dendritic cells. IL-16 seems to be a major
mediator of the inflammatory response in systemic-onset JIA. Currently, three dif-
ferent biologic inhibitors of the IL-18 pathway are available: anakinra, an interleu-
kin-1 receptor antagonist; canakinumab, a human interleukin-1b antibody; and
rilonacept, an interleukin-1 receptor fusion protein.

16.2.3.1 Anakinra

e Anakinra is a human recombinant form of interleukin-1 receptor antagonist iden-
tical to the physiological interleukin-1 receptor antagonist. It binds competitively
to the interleukin-1 receptor. It has a short half-life of 4 to 6 hours and requires
daily subcutaneous injection. It is administered at a dose of 1 to 2 mg/kg, but
often higher doses are used in children with an incomplete response.

e Anakinra is recommended as a first-line therapy in children with systemic JIA
with high disease burden and/or poor response to NSAIDs or glucocorti-
coids [29].
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e ANAIJIS trial: In this multicenter, randomized, double-blind, placebo-controlled
trial, anakinra was shown to be efficacious in systemic JIA (sJIA) with normal-
ization of blood gene expression profiles in clinical responders. Twenty-four
patients were divided into two groups and treated with either anakinra or placebo
for 1 month followed by patients in the placebo group started on anakinra. At
month 1, 8/12 responders were receiving anakinra and 1 responder was receiving
placebo (p = 0.003). Ten patients from the placebo group switched to anakinra
and at month 2, nine were responders. Six patients discontinued treatment
(between 1 and 12 months) due to an adverse event, lack of efficacy, or a disease
flare [34].

e Anakinra was used as first-line therapy for sJIA (either as monotherapy or in
conjunction with steroids and/or MTX) in a multicenter study with 46 patients.
Excellent clinical efficacy was reported with the rapid resolution of systemic
symptoms and refractory arthritis in almost 90% of patients. Within 1 month,
fever and rash resolved in >95% of patients and C-reactive protein and ferritin
normalized in >80% of patients. A complete response was noted in approxi-
mately 60% of patients without the need for therapy escalation [35].

e In a prospective cohort study, Anakinra was used as first-line therapy (before
systemic steroid treatment was administered) in patients with sJIA with excellent
responses in nearly all patients within 3 months. After 1 year, 85% of patients
met the criteria for the clinically inactive disease. At two years, 12/14 (86%) of
patients met the criteria for disease remission, 8 of which were not receiving the
medication [36].

e Anakinra is safe and effective in controlling macrophage activation syndrome in
children with systemic JIA [37, 38].

e Adverse events: Local injection site reactions are common composed of pain,
redness, and erythema. Other adverse events include headaches, gastrointestinal
complaints, upper respiratory infections, and infectious episodes [39]. Rare inci-
dences of serious infection, nephrosis, sterile abscess, and transaminitis, have
been reported. Anakinra use is associated with an increased incidence of infec-
tion, especially with concomitant use of corticosteroids and high-dose
anakinra [40].

16.2.3.2 Rilonacept

e Rilonacept is a fully human dimeric fusion protein incorporating the extracellu-
lar domains of both the IL-1 receptor components. It acts as a soluble decoy
receptor for IL-1, preventing the binding of IL-18 to its cell-bound receptor. It
has a half-life of approximately 1 week. Rilonacept is currently not approved
for JIA.

* Rilonacept is administered as a subcutaneous injection given as a loading dose of
4.4 mg/kg (maximum 320 mg), followed by a weekly maintenance dose of
2.2 mg/kg (maximum 160 mg/week).

e Rilonacept has also demonstrated efficacy in systemic JIA. The efficacy of
Rilonacept was evaluated in a 4-week, double-blind, placebo-controlled study
with 23 systemic JIA patients first received rilonacept or placebo, followed by
23 months of open-label treatment. No significant difference was noted during
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the double-blind phase, but fever and rash completely resolved in all patients by
month 3 during the open-label treatment [41].

Adverse events: Injection site reactions are common with other serious AE
including arthritis flare, anemia, pulmonary fibrosis, and macrophage activation
syndrome.

16.2.3.3 Canakinumab

Canakinumab is a fully humanized IgG1 monoclonal antibody that binds to
IL-186. It has a long half-life of 30 days and administered as a subcutaneous injec-
tion once monthly. It is administered at a dose of 4 mg/kg (maximum
300 mg/month).

The efficacy of Canakinumab was evaluated in two phase III trials in children
with systemic JIA with active systemic features. In the first trial, patients were
randomized in a double-blind fashion, to a single subcutaneous dose of
canakinumab (4 mg per kilogram) or placebo. In the first trial, on day 15, 84% of
patients who received canakinumab achieved an ACRPed30 response versus
10% of patients who received a placebo. The second trial randomized 100
canakinumab responders to either continued treatment or placebo; 74% of
patients who continued canakinumab had no flare versus 25% of patients who
received placebo [42].

Injection site reactions, infections, and abdominal pain were the most common
adverse events observed in phase 3 clinical trials of canakinumab in systemic
JIA [42].

16.3 Inhibition of Interleukin-6

IL-6 is an inflammatory cytokine that can then lead to intracellular signaling and
result in cytokine production and release. It correlates with fever spikes, thrombo-
cytosis, and joint involvement in patients with SJTA.

16.3.1 Tocilizumab

Tocilizumab (TCZ) is a humanized antibody against the soluble and membrane-
bound IL-6 receptor. TCZ is approved to be used in sJIA and refractory polyar-
ticular JIA. It is an intravenous infusion. In systemic JIA it is given at a dose of
12 mg/kg (<30 kg) or 8 mg/kg (<30 kg) every 2 weeks. In children with polyar-
ticular JIA, 8 mg/kg (>30 kg) and 10 mg/kg (<30 kg) is administered once every
4 weeks. TCZ is also available as a subcutaneous preparation.

The safety and efficacy of TCZ were evaluated in a randomized, double-blind
placebo control withdrawal design in 56 Japanese children with a diagnosis of
sJIA. PedACR30 response was seen in 91% of patients during the initial 12 weeks
open-label phase. Patients who had a PedACR30 and low CRP of less than
5 mg/L were randomized and received either placebo or to continue tocilizumab
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treatment for 12 weeks. In this phase, patients receiving a placebo had signifi-
cantly more flares. PedACR 30/50/70 of 98%, 94%, and 90%, respectively, was
noted in patients who participate in an open-label extension study for an addi-
tional 48 weeks [43].

e TENDER trial: A similar trial design demonstrated the efficacy of Tocilizaumab
in a randomized double-blind phase at 12 weeks. In the open-label extension
phase, 80% of patients who received tocilizumab achieved an ACR Pedi 70 with
no fever [44].

e CHERISH study: In three parts, randomized, double-blind withdrawal trial, 188
patients received tocilizumab and then 163 of those patients were randomized to
either continue tocilizumab or switch to placebo [38]. JIA flare occurred in
25.6% of patients who continued tocilizumab versus 48.1% of patients who
received placebo [45].

e Tocilizumab is generally well tolerated in patients with sJIA and polyarticular
JIA. The most frequently reported adverse events were upper respiratory tract
infection and pharyngitis, nasopharyngitis, diarrhea, and headache. sJIA patients
appeared to have an approximately 25% risk of a serious adverse event and an
11% risk of a serious infection per year of treatment. Neutropenia, thrombocyto-
penia, liver function abnormalities, anaphylactic reaction, and pulmonary hyper-
tension were reported. In polyarticular JIA, similar but less serious adverse events
were reported. No cases of malignancy or death have been reported [43, 44, 46].

16.4 Inhibition of T-cell Co-stimulation
16.4.1 Abatacept

e Abatacept is a fully human, soluble fusion protein composed of the Fc region of
IgG, and the extracellular domain of CTLA-4. It competitively binds to CD80/86
on antigen-presenting cells and prevents the second signal required for T-cell
activation. It is administered intravenously in a dosage of 10 mg/kg body weight
at weeks 0, 2, 4, and then every 4 weeks. Abatacept is FDA approved for refrac-
tory polyarticular juvenile idiopathic arthritis with poor response to anti-TNF
therapy.

¢ AWAKEN trail: Abatacept was used in a double-blind, randomized-controlled
withdrawal trial in 190 patients with polyarticular JIA for 4 months. Those who
responded were randomized in the second phase to receiving Abatacept or pla-
cebo for 6 months. In this phase, 20% of patients randomized to stay on abata-
cept experienced arthritis flares compared to 53% of patients switched over to
placebo [47]. In the long-term extension phase, 90% achieved an ACRPed30 by
day 589. Seventy-three percent of patients in phase 1, who did not achieve an
ACRPed30 at the end of the 4-month, achieved ACRPed 30 by day 589 in open-
label extension phase [48].

e Abatacept has been used in children with juvenile arthritis and uveitis refractory
to topical and systemic corticosteroids, immunosuppressives, and at least one
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anti-TNF therapy. It was shown not to have a sustained response in patients with
severe and refractory uveitis [49]. Abatacept has been used in multiple case
reports with good benefits.

e In terms of safety, the most frequent adverse events were nasopharyngitis, upper
respiratory tract infection, and vomiting. A few cases of serious infections were
noted. No cases of malignancy or tuberculosis were identified.

16.5 B-cell Depletion

e Rituximab is a chimeric anti-CD20 antibody that specifically binds and destroys
CD20-positive B cells.

e ACR recommendations include the use of Rituximab for refractory polyarthritis
despite receiving a TNF-« inhibitor and abatacept sequentially, especially in
patients who are rheumatoid factor positive [50].

e Adverse events include infusion reactions, infections, leukopenia, neutropenia,
prolonged hypogammaglobulinemia, and progressive multifocal
leukoencephalopathy.

16.6 Treatment Guidelines for Juvenile Idiopathic Arthritis

Treatment recommendations in juvenile idiopathic arthritis were categorized per
five treatment groups. These included oligoarticular JIA (4 or less joint involve-
ment), polyarthritis (5 or more joints), active sacroiliac arthritis, and systemic juve-
nile arthritis [29, 50].

For Patients

1. Less than five affected joints, with an inability to reach inactive clinical disease
after NSAIDs, intra-articular steroids, and methotrexate (depending on prognos-
tic parameters after 3 or 6 months), a TNF inhibitor was recommended [50].

2. With five or more affected joints a TNF inhibitor is recommended with poor
response to NSAIDS and synthetic DMARDS. If the patients continue to have a
moderate or high clinical activity after 4 months of TNF inhibitor, either a switch
to another TNF inhibitor or Abatacept is recommended [50]. These recommen-
dations were made before the Tocilizumab trial was published.

3. For patients with active sacroiliac arthritis initiation of a TNF inhibitor was rec-
ommended for patients who have received an adequate trial of NSAIDs and have
high disease activity and features of poor prognosis [50].

4. For patients with active systemic features and varying degrees of synovitis,
anakinra was recommended as first-line therapy in accordance with glucocorti-
coid monotherapy or NSAIDs. If the patient had persistent active disease after
one month of Anakinra, a switch to Tocilizumab, Canakinumab, or methotrexate
was recommended. Those patients without active systemic features and varying
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degrees of synovitis, Abatacept, Tocilizumab, Anakinra, or TNF-inhibitor was
recommended after poor response to either methotrexate, NSAIDS, or intra-
articular steroid injection [29].

16.7 Conclusion

There have been major advances during the last 10 years in the new therapeutic
options available for children with JIA due to a better understanding of immune
pathogenesis. The implementation of a treat to target (such as remission) with excel-
lent effective and good response rates has been possible with newer more effica-
cious biologic therapy.
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17.1 Introduction

Early diagnosis and treatment of pediatric connective tissue diseases (CTD) like
SLE, juvenile dermatomyositis (JDM), and vasculitis have considerably reduced
mortality in these rare diseases. However, this has led to significant treatment-
related adverse events that impact quality of life. Corticosteroids continue to be the
first-line therapy for most of CTDs but they result in short stature, delayed puberty,
avascular necrosis, osteoporosis, and increased infection risk. Thus, steroid sparing
therapies are the need of the hour.

Better understanding of disease pathogenesis has led to identification of specific
pathways for targeting therapy. Biologics are potent addition in the armamentarium
of rheumatologists over the past decade. Evidence for the use of biologics in the
pediatric population is mostly from case reports, case series, or registry data. Low
prevalence of diseases and ethical constraints precludes randomized control trials in
children with life-threatening diseases.

Biologics have a potential role in treatment of refractory pediatric CTDs and
their use in management is likely to increase in the near future. Herein, we review
the use of biologics in pediatric SLEJDM and vasculitis.
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17.2 Biologicsin SLE

e SLE is an multisystemic autoimmune disease in which both innate and adaptive
immune systems play an important role in its pathogenesis. Juvenile SLE has a
more severe phenotype with higher prevalence of nephritis compared to adults
with SLE [1].

e The major role of B cells in production of autoantibodies and demonstration of
association between pathogenic B cells and disease activity has made B cell
depletion therapy an attractive option in SLE [2]. Though there are many
biologics that target B cells, but antibodies to CD20 (Rituximab [RTX]) and B
lymphocyte stimulator (Blys) have been used for management of SLE.

» Although results from phase III clinical trials of RTX in adults, both LUNAR
and EXPLORER failed to meet their primary end points the enthusiasm to treat
refractory disease with RTX has not faded away. With encouraging results of
RITUXILUP study showing the efficacy of “steroid free” combination of RTX
and Mycophenolate regimen in management of active nephritis there is a renewed
interest in RTX in management of SLE [3].

» Rituximab is used in pediatric population in refractory cytopenias, lupus nephri-
tis, and neuropsychiatric lupus. Rituximab at a dose of 750 mg/m? two weeks
apart shows good response with complete remission in 75-90% cases along with
steroid sparing effect [4, 5].

* In a retrospective data of 44 pediatric active lupus nephritis patients from India
RTX led to decrease in flares resulting in a significantly higher 36-month flare-
free survival compared with MMF and CYC (100% vs. 83% and 53%, respec-
tively; p = 0.006), increased rate of complete remission and steroid sparing effect
(0.3 mg/kg/day in RTX arm compared to 0.7-0.9 mg/kg/day in MMF and CYC
arm at the end of 3 years) as compared to mycophenolate and cyclophosphamide.
The RTX group demonstrated better long-term treatment outcomes despite the
presence of poorer baseline disease characteristics [6].

e Belimumab is a BLyS-specific inhibitor that blocks the binding of soluble BLyS,
to its receptors on B cells. Patients with SLE, both adults and children have
increased levels of BLyS in their sera and this is believed to drive pathogenic B
cells and promote inflammation.

e In 2011, FDA approved Belimumab for treatment of adults with non-organ
threatening SLE. Although studies have shown a potential role of Belimumab in
decreasing rates of renal flare but its role in organ-threatening disease remains to
be still defined. Data from recently concluded Phase II PLUTO trial [7], looking
at the efficacy of Belimumab in pediatric population (N = 93) the results have
been encouraging with a significant proportion of patients attaining SLEDAI
responder index (SRI-4) compared to standard of care. They also had less flare
rate and almost double the time to severe flare (160 days versus 82 days). In addi-
tion, there were no new safety signals.

e In April 2019 based on trial data, Belimumab was approved by FDA as first drug
for pediatric lupus. Cost of therapy, availability, prolonged duration of treatment,
and potential increased prevalence of psychiatric symptoms and malignancy on
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long-term use have to be considered before prescribing Belimumab in pediatric
population.

CALIBRATE (NCT02260934), a phase II study designed to administer
Belimumab after 2 doses of RTX and cyclophosphamide in refractory or relapsed
lupus nephritis found Belimumab to be safe but did not show any therapeutic
benefit [8]. The trials of other B cell depleting therapy like Tabalumab,
Epratuzumab, and Blisibimod have not shown any benefit in adult SLE and thus
have not been studied in the pediatric population [9].

17.3 Biologicsin JDM

JDM is a systemic autoimmune disease characterized by vasculopathy affecting
the skin and muscles. It can also involve the lungs, heart, gastrointestinal sys-
tem, joints, and other organs. B cells play a critical role in the initiation and
propagation of the immune response and are implicated in the pathogenesis of
myositis. In addition to functioning as the precursor of autoantibody-producing
plasma cells, B cells present antigen to T cells and secrete proinflammatory
cytokines.

Corticosteroids are the mainstay of therapy in JDM, however, to reduce toxicity
of steroids it is recommended to start IS agent like methotrexate upfront. This
has considerably reduced mortality and morbidity but there remains a subgroup
of patients who have suboptimal responses.

The RTX in myositis (RIM) study had 200 patients with refractory myositis,
which also included 46 patients with JDM [10]. Although the study did not meet
its primary endpoint but 83% of refractory adult and juvenile myositis patients
met the definition of improvement, suggesting that RTX has a potential role in
JDM. While analyzing predictors of response to RTX in RIM trial, autoantibod-
ies (anti-synthetase, anti Mi2), JDM category of myositis, and lower disease
damage were associated with better response [11]. Other than RTX, a study from
North America (CARRA registry) shows some benefit with anti-TNF agents,
abatacept and tocilizumab in patients with JDM, but RTX is still the preferred
biologic in refractory cases [12]. Ongoing trial of Abatacept (AID) will further
define its role in therapy of JDM (NCT02594735).

17.4 Biologics in Pediatric Vasculitis

Primary systemic vasculitis although rare in childhood has the potential to cause
significant morbidity and mortality [13]. Kawasaki disease and IgA vasculitis are
the most common vasculitis in children. Corticosteroids, cyclophosphamide, and
IVIG have been the mainstay of therapy in this subgroup. Better understanding of
pathogenesis of disease, encouraging results from the use of biologics in adults,
toxicity concerns with long-term steroids, cyclophosphamide, and prohibitive cost
of IVIG has led to exploring the use of biologics in pediatric vasculitis.
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17.4.1 Takayasu Arteritis

Although rare, it is an important cause of renovascular hypertension in pediatric
age group. The lack of validated outcome measures makes clinical trials more
difficult in TA.

Case series of anti-TNF agents in pediatric TA which included 4 patients treated
with IFX showed some benefit in refractory cases albeit with side effects [14].
Similarly, double-blind trial of Tocilizumab which included 6 pediatric patients
did not show any difference between treatment groups though it had a steroid
sparing effect as median glucocorticoid dose reduced from 0.223 mg/kg/day at
the time of relapse before study to 0.105 mg/kg/day after 96 weeks [15].

17.4.2 Kawasaki Disease

The rationale for use of anti-TNF agents stems from studies showing elevated
TNFa and TNFa soluble receptors I and II concentrations in the acute phase of
KD, and the levels are highest in children who subsequently develop coronary
artery aneurysms.

With reports from case studies showing successful treatment of recrudescent
fever in Kawasaki disease with anti-TNF agents, a double-blind randomized trial
enrolling 196 children with KD was designed combining upfront use of
Infliximab, single dose of 5 mg/kg with standard of care compared to IVIg [16].
There was no difference in development of treatment resistance between either
groups. Although the group on infliximab showed a marked reduction in ESR
and Z score of left anterior descending coronary artery at 2 weeks, there was no
difference at the end of 5 weeks. However, a pilot study looking at IFX as com-
pared to IVIG second dose in 24 patients with treatment-resistant disease found
similar outcomes in both groups with no new safety signals [17].

In another Japanese trial of [VIG-resistant KD, fever defervescence rate within
2 days was better for infliximab as compared to second dose of IVIG (76.7% vs
37%; p < 0.05). In addition, time to defervescence was shorted for IFX [17]. The
fact that a single dose of Infliximab is equivalent to IVIG in resistant cases makes
it a potential therapeutic target in resource-poor countries like India where cost
of IVIG is very high. Further studies are underway with Etanercept
(NCT00841789) and Anti IL-1 (NCT02179853) based therapy in Kawasaki
disease.

17.4.3 DADA2 Deficiency and PAN

DADAZ2 deficiency is a recently described autoinflammatory syndrome charac-
terized by intermittent fevers, early-onset lacunar strokes, and other neurovascu-
lar manifestations, livedoid rash, hepatosplenomegaly, and systemic PAN-like
vasculopathy.
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The suggestion of skewing of macrophage toward M1 phenotype leading to
increased TNF production as the mechanism of inflammation in DADA?2 defi-
ciency has led to use of anti-TNF agents in its management with success [18].
Based on efficacy of TNF blockade in DADA?2 deficiency there has been a pos-
tulated role in sporadic PAN, however, there are no trials to support such
hypothesis.

17.4.4 ANCA Vasculitis (AAV)

With the results of RITUXIVAS and RAVE study establishing the role of
Rituximab as an inducing agent in AAV, PEPRS study (Pediatric Polyangiitis
Rituximab Study) an open-label study which enrolled 25 children was
designed [19].

Newly diagnosed or relapsing granulomatosis with polyangiitis (19 patients) or
microscopic polyangiitis (6 patients) were included. Patients received weekly
intravenous RTX 375 mg/m? for 4 weeks and glucocorticoids 1 mg/kg/day (max
60 mg/day) tapered to 0.2 mg/kg/day (max 10 mg/kg/day) by 6 months in addi-
tion to 3 pulse doses of methylprednisolone.

In the first six months of the study, RTX was safe and well tolerated, with 52%
of patients achieving remission. Although encouraging the long-term results will
define the use of RTX in pediatric AAV. There is no data for use of other biolog-
ics like anti-TNF agents, abatacept, or tocilizumab in children with AAV.

17.4.5 IgA Vasculitis

IgA vasculitis in children usually has a benign course and can be easily managed
with corticosteroids. However, in children with significant renal disease there is
aneed to add other immunosuppressive drugs. In patients with refractory nephri-
tis, biologics are being tried. In a systematic review where RTX was used for
refractory nephritis almost 95% had some clinical improvement and nearly 75%
had remission. Further the dose of other drugs reduced [20].

17.5 Conclusions

The indication and choice of biologics in pediatric vasculitis are summarized in
Table 17.1.

With the current paradigm shift in treating rheumatic disease from saving lives to
having complete remission and good quality of life, need for targeted therapy is being
felt. A better understanding of the disease pathogenesis and importance of immune
cells and cytokines have led to the development of biologic therapy. The potential of
blocking an important pathway has not always translated to results in trials again
highlighting the multiple redundant pathways operative in autoimmune diseases.
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Table 17.1 Biologics in vasculitis

Type Biologic agent Remarks

AAV RTX Relapsing and refractory disease
Anti-TNF No data

KD IFX KD refractory to standard therapy
Etanercept and Trials ongoing
Anakinra May worsen coronary artery aneurysms
TCZ

TA Anti-TNF Selected cases, increased infection risk

DADA2 Anti-TNF First-line therapy

sporadic PAN No reports in sporadic PAN

HSP RTX Adult IgA vasculitis with refractory nephritis anti-

TNFa can induce HSP in some patients

AAV-ANCA associated vasculitis; KD-Kawasaki Disease; TA-Takayasu arteritis; DADA2-
Deficiency of ADA2; PAN-Polyarteritis Nodosa; HSP-Henoch Scholein Purpura; RTX-Rituximab;
TNF-Tumor necrosis factor; IFX-Infliximab; TCZ-Tocilizumab

» The use of biologics in pediatric connective tissue disease is limited to treatment
of refractory cases unlike in adults where they can be used as first-line therapy.
However, RTX in myositis, lupus nephritis, AAV, and IFX in KD show promise.

* Belimumab despite being approved is not used much for pediatric lupus. With
the ongoing clinical trials in pediatric population and promising new molecules
in the pipeline, the day is not far when biologics will play an important role in
management of pediatric connective tissue diseases.
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18.1 Introduction

Jak inhibitors are small molecules with a low molecular weight. They were devel-
oped for the treatment of autoimmune inflammatory diseases like Rheumatoid
Arthritis (RA). They target and inhibit components of the intracellular inflammatory
signalling cascade. Among the Jak inhibitors, the most successful are the Janus
kinase (JAK) enzymes inhibitors. They consist of four members, which are JAK1,
JAK2, JAK3 and TYK2.

In clinical practice, patients of RA are treated with conventional synthetic
DMARDs (csDMARDs) and bridging therapy with glucocorticoids, followed by
parenterally administered biologic DMARDs (bDMARDS) in patients with poor
prognosis and refractory disease. However, only 30-50% of patients treated with
this combination achieve remission within few months. Moreover, bDMARDs
can potentially induce immunogenicity by developing anti-drug antibodies, with
a loss of its efficacy. Another disadvantage with bDMARD:s is that they require
subcutaneous or intravenous use as they are digestible following oral
administration.
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18.2 The JAK/STAT Pathway

» JAKSs, which are cytoplasmic non-receptor tyrosine kinases, have the ability to
phosphorylate tyrosine residues both alone (autophosphorylation) and on neigh-
bouring molecules (transphosphorylation), including STATs.

e The STATS, area family of transcription factors, with seven members and act
downstream of JAKs [1].

* The JAK/STAT pathway regulates the action of many types of molecules such
as ILs, IFNs, colony-stimulating factors, growth factors and hormones (also
called hormone-like cytokines), which then operate through type I and type II
receptors.

e Type I receptors are used by many ILs, colony-stimulating factors and hormones,
whereas IFNs and IL-10related cytokines (IL-10, IL-19, IL-20, IL-22, IL-22 and
IL-26) use type II receptors. These receptors are made up of various subunits,
each of them associated with a JAK molecule.

As the effector protein binds to its receptor, which oligomerizes, it activates the
corresponding JAK, which is then autophosphorylated and transfers a phosphate to
the tyrosine residue in the receptor’s subunit, creating a docking site for the STAT
molecule.

The JAK phosphorylates the STAT molecule, which are dimerized and translo-
cated from the cytosol to the nucleus, thereby regulating gene expression (Table 18.1).

* The subunits of a receptor can be associated with only one specific JAK or more
than one JAK, and many different cytokines may carry out their actions through
the same JAK. Therefore, inhibiting a JAK molecule may inhibit more than a

Table 18.1 JAK heterodimers and homodimers important for the signalling of particular
cytokines

1L-2 L4,
IL7,1L-9, |EPO, Type 1 | Type2
1L-15, TPO, 1 L-3,1L5, |IL-13, |I1L12, |IEN IFN
Cytokines IL-21 GH GM-CSF |IL-6, |L-23° |@f) |(y)
JAK heterodimers JAK1 JAK?2 JAK2 JAK1 JAK?2 JAK1 JAK1
And homodimers?* JAK3 JAK3 |JAK2 TYK2 | TYK2 |TYK2 JAK2
JAK2
Inhibitiont] |JAK1 |+ — — + — + +
JAK2 | — + + + + - +
JAK3 |+ — — — — — —
JAK4 | — — — + + + —

EPO erythropoietin, GH growth hormone, GM-CSF granulocyte-macrophage, colony-stimulating
factor, TPO thrombopoietin

“Different cytokines signal through different JAk combinations. A particular JAk must be inhibited
to stop the signalling started by these cytokines. This provides opportunities to design specific JAk
inhibitors that reduce signalling from particular cytokines
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single pathway, explaining both the beneficial and the adverse effects are seen
with JAK inhibitors [2].

During the past few years, many JAKinibs have been subcategorised as first-
generation and newer JAKinibs.

e The first-generation JAKinibs, also called pan-JAK inhibitors, do not show high
specificity, having activity against three or even all four of the JAK family
members.

The newer JAKinibs, are selective against specific JAKs with fewer side effects.
Currently, three JAKinibs have been approved for the treatment of RA and PsA.

18.3 Evaluation of Efficacy of JAKinibs in RA Clinical Trials

Tofacitinib was the first jakinib developed for the treatment of autoimmune disease.
In adult RA patients, multiple randomised-controlled trials (RCTs) demonstrated
the efficacy of tofacitinib in both early and established disease, as monotherapy, in
combination with csDMARD:s, including MTX, and in both treatment-naive and
treatment-refractory patients (Table 18.2).

 In the phase III tofacitinib trials in RA, patients achieved statistically significant
and clinical improvements in disease activity as evaluated by the categorical cri-
teria of the American College of Rheumatology response criteria (ACR20, 50
and 70) and other measures as well as improvements in functional status assessed
by the Health Assessment Disability Index (HAQ-DI) and 36-Item Short Form
Survey (SF-36). Tofacitinib has been shown to be disease modifying and pre-
vents the progression of structural damage to joints as assessed both by conven-
tional radiography and MRI.

e It also results in a rapid improvement in a range of patient-reported out-
comes (PROs).

e Tofacitinib in RA was superior to MTX in Phase III clinical trials, efficacious in
MTX- and csDMARD-refractory, active RA, non-inferior in combination with
MTX to the anti-TNF agent adalimumab plus MTX. It was also efficacious in
patients with active RA who did not respond to multiple b(DMARDs with differ-
ent mechanisms of action.

e In 2012, the Federal Drug Administration (FDA) approved tofacitinib in a dose
regime of 5 mg twice daily for the treatment of RA in patients who were intoler-
ant or unresponsive to MTX [3].

e In 2017 the European Medicines Agency approved Baricitinib for the treatment
of adult RA patients as 2 mg and 4 mg doses once daily with moderate to severe
active disease. These patients had either responded inadequately or had an intol-
erance to one or more csDMARDs (Table 18.3).

* Baricitinib is a selective inhibitor of the JAK family that does not affect other
enzyme kinases. It inhibits JAK1 and JAK?2 and to a much lesser extent TYK2,
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Table 18.3 Baricitinib: phase III clinical trials for moderate to severe RA
RA-BEGIN RA-BEACON | RABEYOND
[4] RA-BEAM | RABUILD [6] |[7] [34]
MTX-naive | [5] MTX-IR |csDMARD-IR | bDMARD-IR | OLE study
(n=588) (n=1307) (n =684) (n=527) (n=3073)
Type of Monotherapy | Combination | Combination | Combination | Monotherapy-
therapy + therapy therapy therapy patients
combination Who
therapy completed
previous
BARIRA
study
Background | None/MTX MTX csDMARD c¢sDMARD csDMARD
active MTX ADA+MTX |(1)2mgqd (1)2mgqd (1)2mgqd
comparator | (1) 4 mg (1) PBO (2)4mg qd (2)4mgqd (2)4 mgqd
Arms qd + MTX (2)4mgqd | (3) PBO (3) PBO
(2) 4 mg qd (3) ADA
monotherapy
(3) MTX
Duration, 24 52 24 24 52, with
weeks ACR20 ACR20 ACR20 (week | ACR20 (week | optional
Primary end | (week 24) (week 12) 12) 12) Extension to
point Week 24 Week 12: Week 12: Week 12: 104 weeks
Key DAS28-CRP | DAS28-CRP | DAS28-CRP | DAS28-CRP | Safety &
secondary HAQ-DI HAQ-DI HAQ-DI HAQ-DI efficacy
End point mTSS mTSS (week | SDAI SDAI Currently
SDAI 24) remission remission recruiting
remission SDAI Morning joint Estimated
remission stiffness completion
Morning December
joint 2020
stiffness

The table summarises the broad range of RA patient types studied in baricitinib phase III confirma-
tory studies, ADA adalimumab, csDMARD conventional synthetic. DMARD, HAQ-DI Health
Assessment Disability Index, /R inadequate response, m7SS modified Total Sharp Score, SDAI
Simplified Disease Activity Index, TNF TNF inhibitor

with the result that JAK3 is preserved with a 100-fold selectivity for JAK1
and JAK2.

In phase II and III RCTs, Baricitinib was seen to be efficacious and those
patients who successfully completed the phase III RCTs like RA-BEGIN,
RABUILD, RA-BEAM and RA-BEACON have enrolled for the long term
extension studies RABEYOND and RA-BALANCE in countries like Argentina,
Brazil and China.

Upadacitinib is a selective JAK-1 inhibitor that has been approved by the FDA in
2019 for RA.

In the SELECT-EARLY and SELECT-MONOTHERAPY RCTs, upadacitinib
15 mg and 30 mg showed a significantly higher clinical response than methotrex-
ate in theACR50 response (52.1%, 56.4% and 28.3%, p 0.001) and DAS28-
CRP < 2.6(35.6%, 40.8%, and 13.7%) at week 12 [8, 9].
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SELECT-COMPARE compared upadacitinib + methotrexate with adalimumab
+ methotrexate in patients with RA with a previously inadequate response to
methotrexate.

After 12 weeks, upadacitinib + methotrexate was superior to adalimumab +
methotrexate with ACR 20 (70.5% vs. 63%, p < 0.05), ACR50 (45.2% vs. 29.1%,
p <0.01) and DAS28-CRP < 3.2 (45.0% vs. 28.7%).

Patients receiving upadacitinib (86%) or adalimumab (88%), had no radio-
graphic progression compared to placebo (74%). (<0.001) [10].

18.4 JAKinibsin PsA

e The JAK/STAT pathway is associated with the IL-23/—17 axis, which in turn
plays a key role in the underlying pathogenesis of PsA and spondyloarthropa-
thies. However, the mode of action of JAKinibs in psoriatic arthritis is not fully
understood. Although IL-17 per se does not seem to employ the JAK/STAT path-
way, IL-23 (which is an upstream driver of IL-17A release) exerts its function
through the JAK2-TYK?2/STAT3-STAT4 system [11]. Additionally, IL-22 (also a
key player in the pathogenesis of SpAs and an important mediator of the
IL-23/—17 axis) uses the JAK/STAT pathway.

18.4.1 Tofacitinib

e The efficacy of oral tofacitinib 5 mg twice daily in patients with PsA having
previously received DMARD therapy was evaluated in two randomised, multina-
tional, double-blind, placebo-controlled phase III trials: the 12-month OPAL
Broaden (n = 422) [12] and 6-month OPAL Beyond (n = 394) trials [13].

e It was used in combination with methotrexate in patients who had an inadequate
response or who have been intolerant to a prior DMARD therapy. It was shown
to improve the clinical symptoms of PsA and PsA-related disability in TNFi-
naive patients and in patients with an inadequate response to prior TNFi therapy.
It was also efficacious across multiple PsA domains with an acceptable tolerabil-
ity profile.

18.4.2 Upadacitinib

e In a 24-week randomised, placebo-controlled, double-blind, phase 3 trial, 642
patients were randomised to once per day upadacitinib 15 mg or 30 mg, placebo
followed by upadacitinib 15 mg or placebo followed by upadacitinib 30 mg at
week 24 [14]. The primary endpoint was the proportion of patients achieving
ACR 20 response at week 12 along with the achievement of minimal disease
activity (MDA) assessed at week 24.
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e At week 12, significantly more patients receiving upadacitinib 15 mg and
30 mg vs. placebo achieved ACR20 (56.9% and 63.8% vs. 24.1%; p < 0.001
for both comparisons). At week 24, MDA was achieved by more upadacitinib
15 mg-treated (25.1%) and 30 mg-treated patients (28.9%) vs. placebo (2.8%;
p < 0.001 for both comparisons). The incidence of treatment-emergent
adverse events was similar with placebo and upadacitinib 15 mg and higher
with upadacitinib 30 mg at week 24, and the incidence of serious infections
were 0.5%, 0.5% and 2.8% with placebo, upadacitinib 15 mg and upadaci-
tinib 30 mg, respectively.

e The selective TYK2 inhibitor BMS-986165 has shown the highest efficacy
towards psoriasis of any JAK inhibitor to date, with a PASI75 response of 75%
after 12 weeks of treatment in a phase 2 trial [15].

18.5 Giant Cell Arteritis

e A phase 2 study, testing the safety and efficacy of baricitinib in relapsing GCA,
is ongoing backing the theory that JAK inhibitors could be potentially effica-
cious in patients with GCA. In a chimeric model, treatment with tofacitinib
reduced proliferation rates of lesional T cells, microangiogenesis, intimal out-
growth and the production of IFN-g, IL-17, IL-21 and CD4 + CD103+ T mem-
ory cells.

18.6 Safety of JAKinibs

e Most of the safety data was obtained from the clinical trials of tofacitinib in RA
and appears to be acceptable and similar to those of the biological drugs.

18.6.1 Infections

¢ For Tofacitinib, the incidence rate for severe infections has been estimated to be
2.7 per 100 patient-years [16] and 2.9/100 patient-years for baricitinib [17]. An
increased incidence of reactivation of herpes zoster was associated with both
tofacitinib and baricitinib, which may be due to inhibition of IFN and IL-15, the
important anti-viral cytokines that signal through JAK1, JAK2 and JAK3.

18.6.2 Malignancies

e Despite the increased exposure to tofacitinib, the incidence of malignancies
(with the exception of non-melanoma skin cancer) remained stable over time and
was in the same range as RA treatment with biologics [16].
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18.6.3 Gastrointestinal Perforation

Inhibition of IL-6, which signals via JAK1, JAK2 and TYK2 may be associated
with gastrointestinal perforation. For tofacitinib, the IR of gastrointestinal perfo-
ration was 0.11/100 patient-years, and 0.05/100 patient-years for baricitinib.
However, this was lower than that of 0.27/100 patient-years with tocilizumab.

18.6.4 Deep Vein Thrombosis and Pulmonary Embolus

The IR of DVT and PE related to tofacitinib have not been reported. However, five
cases of deep vein thrombosis and pulmonary embolus (DVT/PE) were seen with
baricitinib in RCTs (IR 1.2/100 patient-years), but none in the placebo-treated
group [18], with the overall IR of DVT/PE being 0.5/100 patient-years.

18.6.5 Laboratory Abnormalities

JAK?2 inhibition can reduced erythropoiesis as haemopoietic cytokines, includ-
ing erythropoietin signal via JAK?2. This is seen by Hb changes associated with
baricitinib [19], in which a statistically significant greater reduction (P = 0.02) in
Hb occurred in patients treated with baricitinib (0.17 = 0.02) when compared
with placebo-treated patients (0.12 = 0.02). Anaemia occurred in 29% of
baricitinib-treated vs. 26% of placebo-treatment patients. However, a mild
increase in Hb was observed with tofacitinib, which has a less inhibitory effect
on JAK2: 0.47 g/dl and 0.28 g/dl with 5 and 10 mg, respectively. The mild
increase in Hb with tofacitinib 10 mg is dose-dependent inhibition of JAK2, i.e.
at a low dose (5 mg) tofacitinib is selective for JAK1 and JAK3 but at 10 mg, this
selectivity is diminished and JAK? is inhibited.

Tofacitinib and baricitinib should not be used in patients who are anaemic
(Hb < 8 g/dl), and treatment should be withdrawn when haemoglobin drops
below 8 g/dl.

A decrease in the neutrophil count with occasional neutropenia and lymphopenia
has been observed with all JAKi.

An increase in both high-density lipoprotein and low-density lipoprotein choles-
terol occurred after treatment with both tofacitinib and baricitinib, without a
change in high-density lipoprotein/low-density lipoprotein ratio.

IR of major adverse cardiovascular events was 0.58/100 patient-years for tofaci-
tinib [20] and 0.5/100 patient-years for baricitinib [18]. The cholesterol ester
fractional catabolic rate was higher in RA patients, indicating increased choles-
terol catabolism. Treatment with tofacitinib reduced inflammation and restored
cholesterol catabolism.

Liver transaminases elevation (>3 times upper limit of normal) occurred in 2%
of patients receiving tofacitinib [6] and 1.4% of patients being treated with bar-
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icitinib [4]. The increase was transient and asymptomatic and has to be moni-
tored but temporarily stopped when liver transaminases increase significantly.

e A small increase in serum creatinine by 2—4 mmol/l was observed in RCTs when
compared with placebo for tofacitinib [7] and baricitinib [5]. This stabilised after
3 months and did not have any significant renal side effects.

e Arise in creatine phosphokinase levels(more than five times the upper limit of
normal) was seen in 1% of patients who received tofacitinib or baricitinib. In
most of the patients, the increase in creatine phosphokinase was temporary,
asymptomatic and did not require treatment discontinuation.

18.7 Newer JAKinibs (Table 18.4)
18.7.1 Filgotinib

Filgotinib (GLPG0634)—a selective JAKI inhibitor—is an investigational
drug for RA.

e In the DARWIN 1 study, filgotinib 100 or 200 mg per day in patients who
received a stable dose of methotrexate showed significantly more ACR20
responses at week 12 than placebo [21]. These improvements were sustained up
to week 24.

e The results of the DARWIN 2 trial suggest that filgotinib monotherapy could
improve the signs and symptoms of RA compared to placebo, with 12-week
ACR20 responses of 67%, 66%, 73% and 29% in the filgotinib 50, 100 or 200 mg
per day, and placebo groups, respectively [22].

18.7.2 Peficitinib

e The JAK1/3 inhibitor peficitinib (ASP0O15K), another study drug, was shown to
improve RA outcomes in two phase IIb placebo-controlled studies.

e These studies showed that in Japanese patients with moderate to severe RA, pef-
icitinib monotherapy at daily doses of 25, 50, 100 and 150 mg resulted in a dose-
dependent improvement in ACR20 response scores compared to placebo [23].

Another study also found that peficitinib treatment resulted in dose-dependent

improvements in ACR20 responses relative to placebo among patients with moder-
ate to severe RA.

Table 18.4 JAK inhibitors that are currently in clinical development

Drug/Compound Current stage of development
Filgotinib Phase 111

Peficitinib Phase 111

Decernotinib Phase II (currently on hold)
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18.7.3 Decernotinib

Another JAK3 inhibitor decernotinib was shown to be superior to placebo in a phase
IIa trial in patients who had been failed treatment with at least one DMARD, and a
following dose-escalating phase IIb study found that decernotinib significantly
improved ACR20 response rates at weeks 12 and 24 compared with placebo [24].
The clinical development of decernotinib is at present discontinued.

18.8 Conclusion

JAK inhibitors are novel, orally administered, effective and rapidly acting agents for
the treatment of RA. After the advent of biologics, the introduction of the first non-
selective JAK inhibitors constitutes a major breakthrough, overcoming the limita-
tions of antagonising a single target through a broader magnitude of response.

The oral route of administration of JAK inhibitors has the potential to minimise
drug discontinuation. Further head-to-head comparative studies may show their
superiority to biologics.

The manufacturing cost of JAKI is substantially less than biologics. This has
made access to more effective treatment for RA.
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19.1 Introduction

The treatment of autoimmune rheumatic diseases has been revolutionized by the
introduction of biologic therapy. These target key components of the immune sys-
tem and suppress the pathological cascade of inflammation. Cytokines like TNF-a
and IL-6 play a vital role in integrated host defenses. Hence treatment with biologi-
cals leads to a degree of immunosuppression, thereby increasing patient’s suscepti-
bility to infection.

TNFI (TNF a inhibitors) have been in use clinically for the longest period of
time. Hence studies evaluating the association between TNF inhibitors and
infection are the most numerous. Data regarding other biologicals is compara-
tively less.

Infectious complications related to treatment with biological agents include bac-
terial infections like Streptococcus pneumoniae, Mycobacterium tuberculosis, diph-
theria monocytogenes, and the potential reactivation of viral infections like herpes,
Varicella zoster, and hepatitis B and C [1].

Rheumatology guidelines from various international societies universally advo-
cate the need to screen patients with rheumatic diseases for TB and other infections
prior to commencing treatment with biological DMARDs [2].
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19.2 Latent TB Infection

e The burden of tuberculosis varies greatly around the world. The regions of South-
East Asia (35%), Western Pacific Region (21%), and Africa (30%) account for
the highest risk of infection. The WHO in 2015 estimated 9.6% million cases of
TB globally. 2.2 million cases were from India [2].

* Only 5-10% of people infected by mycobacterium tuberculosis develop active
disease. Replication of Mycobacterium tuberculosis (Mtb) is inhibited by the
host immune response [3].

* TNF plays a significant role in this immune response and, along with Interferon-
gamma stimulates macrophagic phagocytosis of bacteria and enhances
mycobacterium killing. It recruits inflammatory cytokines, stimulates the pro-
duction of chemokines, and contains the mycobacteria within the granulomas.
This achieves a latent state of the disease [1].

e Most patients infected with Mtb carry latent tuberculosis infection (LTBI) and
are asymptomatic and non-infectious [3]. The prevalence of LTBI in India in
various populations is in the range of 9% to 80%. The lifetime risk of a latent
infection developing into active TB is 5-10% [2].

e LTBI is defined as a positive tuberculin skin test or a positive Interferon-Gamma
Release Assay in the absence of evidence of active tuberculosis (clinical symp-
toms and signs for TB of cough, fever, and microbiological isolation of myco-
bacteria, and normal chest radiograph).

* During treatment with biologicals such as anti-TNF, the risk of developing active
tuberculosis in patients with LTBI is high. Hence screening and investigations to
detect LTBI are recommended [3].

* Among the anti-TNF antibodies, the risk of TB has been found to be higher with
infliximab and adalimumab [1]. The incidence of TB with certolizumab pegol
and golimumab is less conclusive, but they have been cases of active TB reported
in patients with rheumatic diseases treated with certolizumab and golimumab.

19.2.1 Non-anti-TNF Biologics

* Due to its targeted action on B-lymphocytes the data of rituximab risk of TB
reactivation is very reassuring [4]. Only two cases of pulmonary tuberculosis
were reported among 3595 rheumatoid arthritis patients who had received ritux-
imab over follow-up of 11 years [5].

* A low TB risk has been recorded in patients treated with abatacept, tocilizumab,
secukinumab, ustekinumab, and anakinra [4].

19.2.2 Screening for Latent TB

The two tests used to screen and diagnose LTBI are the in vivo tuberculin skin test
(TST) and the ex vivo Interferon-Gamma Release Assays (IGRA) [2]. Both the tests
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detect an adaptive immune response of T-lymphocytes to mycobacterial antigens
but are unable to identify if the disease is latent or active [1].

(a) TST Or Purified Protein Derivative (PPD) Test:

The TST, also known as the Mantoux test, is based on T-cell mediated
delayed hypersensitivity reaction to M. tuberculosis. It involves intradermal
injection into the inner surface of the forearm of either PPD or tuberculin
and assessment at 48—72 h for skin induration measured with a ruler [2].
The WHO study has concluded that either 5 TU or 10 TU doses can be suit-
able for use in Mantoux testing [6]. In India, 1 TU PPD-RT23 (equivalent to
5 TU PPDs) in 0.1 mL is the standard commercial preparation routinely
used [2].

(b) Interferon-Gamma Release Assays (IGRA):

IGRA is measured by ELISA. The Interferon-gamma is released by
T-lymphocytes of a patient with tuberculosis when re-exposed to TB-specific
antigens.

The three assays are QuantiFERON-TB Gold assay (QFT-G),
QuantiFERON-TB Gold in-tube assay (QFT-GIT) and T-SPOT TB assay.
The antigenic targets in these assays are ESAT-6, CFP10, and TB7.7. The
T-SPOT TB test is an ELISPOT assay that estimates the number of inter-
feron gamma-producing cells.

ACR guidelines advise that if either the TST or IGRA is positive, then a
chest x-ray should be done. If the chest X-ray is negative, the patient
should receive treatment for latent tuberculosis infection. If the chest
X-ray is positive, then a sputum test for AFB should be done. If the sputum
test is positive for AFB, then treatment for active TB to be commenced. If
the sputum is negative for AFB, then the patient should be treated for latent
tuberculosis.

IGRA testing is more sensitive than TST but can give indeterminate results
and, taking into consideration the risk of TB activation with biologics use
and the high cost of therapy, using both the tests to optimize the sensitivity
for detecting LTBI would be logical.

WHO guidelines mandate that the patients testing positive on either TST or
IGRA should have a chest radiograph done to look for active disease. If the
chest radiograph is abnormal, then depending on the clinical picture, treat-
ment for either active TB or latent TB infection is commenced. If there is a
high risk of TB exposure, then a negative screening test and a normal chest
radiograph notwithstanding, CECT scan of the chest may be done to be cer-
tain before starting biologicals [2].

Malaviya et al. have recommended a screening strategy for LTBI in India
whereby patients are first screened clinically with the 4S (four symptoms)
complex of fever, cough, night sweats and weight loss. If positive, then con-
firm active TB infection, treat with standard ATT and start biologics after TB
is fully treated. If clinical screening is negative, then assess for LTBI with a
10TU Mantoux and QuantiFERON-TB Gold (QTBG) and a chest radio-
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graph. If Mantoux is less than 10 mm and QTBG is negative, and chest
radiograph is normal, then LTBI is ruled out, and biologics can be com-
menced. If either Mantoux is >/= 10 mm or QTBG is positive, or chest radio-
graph is positive, then chemoprophylaxis for LTBI should be given before
commencing biologics [7].

* Biologics can be commenced after the completion of one month of treatment
for latent tuberculosis and should be resumed after the completion of treat-
ment of active tuberculosis [8].

19.2.3 Treatment

19.2.3.1 One of the Following Treatment Regimens can be Chosen
for LTBI

(a) Isoniazid—in adults 5 mg/kg (maximum dose 300 mg) for six or nine months
(advised by both CDC and WHO). In children (2-11 years), nine months of
therapy is preferred.

(b) Rifampicin—10 mg/kg in adults (maximum dose 600 mg) for four months.
5 mg/kg for children.

(¢) INH plus Rifampicin—300 mg INH and 600 mg Rifampicin daily for
3—4 months.

Recently, the guidelines for the treatment of Latent Tuberculosis infection have
been updated by the National Tuberculosis Controllers Association and CDC in
2020 for people with LTBI who live in the USA.

The preferred regimens are:

(i) Isoniazid (15 mg/kg rounded up to the nearest 50 or 100 mg: 900 mg maxi-
mum) plus Rifapentine (25.1-32 Kg: 600 mg, 32.1-49.9 Kg: 750 mg, >/=
50 Kg: 900 mg Max): given once weekly for three months.
(i1) Rifampin (10 mg/kg adults, Children: 15-20 mg/kg): given daily for 4 months.
(iii) Isoniazid (5 mg/kg; Max 300 mg in adults; 10-20 mg/kg in children) and
Rifampin (10 mg/kg in adults; 15-20 mg /kg in children): given daily for
3 months [9].

e In patients with LTBI, biological agents can be commenced or continued after
one month of LTBI treatment with anti-TB medication. In patients with rheu-
matic diseases and diagnosed also to have active tuberculosis, biologics should
be given after the completion of treatment for active tuberculosis [4].

e Ifactive TB disease occurs while the patient is on treatment with biologics, espe-
cially TNF I, biologics should be stopped immediately, and anti-TB treatment
commenced (two months of induction with Isoniazid, Rifampicin, Pyrazinamide
Ethambutol) followed by four months’ maintenance with Isoniazid and
Rifampicin.

* General expert opinion is to postpone restarting biologics especially anti- TNF,
until after the full course of TB therapy is completed.
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e There are no guidelines or recommendations for the treatment of flare of under-
lying rheumatic disease in patients who are on ATT for active TB. Therefore,
adjusting treatment according to disease activity scores has been suggested.

e In patients with RA, who have high disease activity, low-risk biologics such
rituximab, abatacept, tocilizumab, or anakinra can be started after completion of
first two months of ATT. In those who fail to respond to the low-risk biologics,
etanercept can be initiated as it has the lowest risk of TB reactivation among the
anti-TNF agents.

 In severe psoriatic arthritis, ustekinumab can be started after two months of ATT and
in those who do not respond to ustekinumab, etanercept. Analysis of pooled data
from 21 RCTs of Secukinumab (fully human anti-IL-17A) in PsO (14 phase 3 trials
and 1 phase 4 trial), PsA (3 phase 3 trials) and AS (3 phase 3 trials) along with post-
marketing surveillance data did not reveal any cases of TB reactivation [10]. The
risk of mycobacterial infection or TB reactivation based on clinical, animal and
in vitro studies is low with Secukinumab therapy in contrast to anti-TNF [11].

e In ankylosing spondylitis with a high ASDAS score, anti-TNF, preferably etan-
ercept can be restarted after the first two months of TB induction therapy [3].

19.3 HBYV and HCV Infection

e Chronic HBV and HCV infections affect nearly 500 million people globally,
making them a global health problem. Worldwide, they also are the most com-
mon causes of cirrhosis and liver cancer. Most patients with chronic HBV or
HCYV infections are asymptomatic and therefore are undiagnosed.

* Biologic therapies, if administered to patients infected with HBV or HCV, can
lead to reactivation, resulting in asymptomatic hepatic flares to hepatocellular
failure and death [12]. Up to 20-50% of HBV carriers have HBV reactivation
while undergoing immunosuppressive treatment. While reactivation of HCV is
rarer, if severe hepatitis occurs, then mortality rates are similar to those with HBV.

¢ Rituximab, TNF «a inhibitors, Abatacept with or without combination therapy
(including corticosteroids) are some of the biologics associated with the risk of
HBYV and HCV reactivation [13].

e Therefore, it is imperative that the patients with rheumatic diseases, before the
initiation of biologic therapy, should be screened for HBC and HCV infections.

19.4 Hepatitis B
19.4.1 Natural Course

A complex interplay between host, virus, and environmental factors determines the
progression from acute to chronic HBV infection. This, in adults, is less than
5% [13].

All patients with chronic HBV infection do not have chronic hepatitis B. The
natural history of chronic HBV infections is divided into five phases, not necessarily
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sequential. These 5 phases are determined by taking into account the presence of
HBe-antigen, levels of HBV DNA, alanine aminotransferase (ALT) levels, and the
absence or presence of liver inflammation.

Phase 1—HBe-antigen-positive, chronic HBV infection. The old nomenclature
was the immune tolerant phase [14]. There is active virus replication in the liver, and
hence it is characterized by the presence of elevated serum levels of HBV DNA
(>20,000 IU/mL), presence of serum HBe-antigen and normal levels ALT. There is
minimal host immune response hence minimal or no liver necroinflammation or
fibrosis.

Phase 2—HBe-antigen-positive, chronic hepatitis B. The old nomenclature was
the immune active phase. In this phase, clearance of the virus is attempted by a
vigorous host response against hepatocytes infected with HBV. This causes transa-
minitis and immune-mediated hepatocyte injury. The characteristics of this phase
are serum HBe-antigen positivity, high levels of serum HBV DNA (>20,000 IU/
mL) and significant liver necroinflammation and rapid progression of fibrosis. This
phase has variable outcomes; 90% of patients achieve seroconversion by losing
hepatitis B e antigen and developing anti-HBe antibodies. Seventy to ninety percent
of patients who seroconvert enter the inactive carrier state (HBe negative, chronic
HBYV infection). The others progress to become HBe negative chronic hepatitis B.

Phase 3—HBe negative chronic HBV infection. Known previously as the inactive
carrier state is characterized by anti-HBe antibodies with low or undetectable levels
of HBV DNA (<2000 IU/mL) and anti-HBc antibodies, normal ALT levels. Of
those who remain in this phase over a long time, HBs antigen loss and/or serocon-
version can occur spontaneously in 1-3% of cases annually.

Phase 4—HBe negative chronic Hepatitis B. This phase is characterized by the
absence of HBe antigen, detectable anti-HBe antibodies, moderate to high levels of
serum HBV DNA, elevated ALT levels and necroinflammation and fibrosis in
the liver.

Phase 5—HBsAg negative phase—previously called the recovery phase. This is
characterized by negative serum HBs antigen, positive anti-HBc with or without
positive anti-HBs antibodies. This is also known as occult HBV infection. ALT
levels are normal. Serum levels of HBV DNA may be undetectable. HBV DNA can
be detected in the liver [12, 14].

In patients who have a resolution of acute or chronic HBV infection either spon-
taneously or after treatment (negative HBs antigen, positive anti-HBc antibodies,
and positive anti-HBs antibodies), the immune system inhibits the general expres-
sion and the replication of HBV. Hence immunosuppression may lead to reactiva-
tion in these patients.

19.4.2 HBV Reactivation

e In a person, known to have inactive HBsAg carrier state or resolved hepatitis B
infection, the reappearance of active hepatic inflammation and necrosis leading
to elevated transaminases, an increase in serum HBV DNA levels from baseline
by greater than 1-log10, or a change in HBV DNA detection from negative to
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positive, is defined as HBV reactivation. HBV reactivation has been reported in
20-50% of HBV carriers who receive immunosuppressive treatment [12, 13].

e Data has also shown that in patients with autoimmune rheumatic disease and
resolved HBV infection, after commencing anti-TNF therapy, the rate of HBV
reactivation is around 5%. In order to reduce the risk of HBV reactivation and its
associated morbidity and mortality, identifying the patients at risk by screening
and initiating prophylactic antiviral treatment is advisable.

19.4.3 Screening Recommendations

* Guidelines universally recommend that all patients undergoing treatment with
biologicals and immunosuppressive medications should be screened for HBV
serological markers (HBsAg, anti-HBc, anti-HBs) followed by a sensitive HBV
DNA test and liver function tests if either HBsAg or anti-HBc is positive. HBe
and anti-HBe should be checked for as well, in conjunction with hepatology (If
both HBsAg and anti-HBc are positive) [5].

e At present, it is not known if different TNFI affect HBV reactivation to different
extents. For instance, as Etanercept has a lower affinity for TNF-a, this risk may
be lower. Infliximab appears to be associated with a much higher risk, perhaps
due to a cytokine washout resulting from the 8 week intervals in the administra-
tion that could result in an ‘immune -reconstitution’ effect [15].

* In HBsAg positive patients and those who are HBsAg negative and anti-HBc
positive receiving biologicals, the risk of reactivation of HBV is high. The risk of
reactivation of HBV can be categorized as high risk (greater than 10% that is
where the incidence of HBV reactivation is anticipated to be greater than 10%),
moderate risk (1-10%) and low risk (less than 1%).

e Data from RCTs evaluating antiviral prophylaxis in HBs antigen-positive or anti-
HBc positive patients versus on-demand rescue treatment in the presence of
HBYV reactivation showed that prophylaxis was associated with an 84% relative
risk reduction of HBV associated flares of hepatitis and 87% relative risk reduc-
tion in reactivation of the hepatitis B infection [16].

19.4.4 In HBsAg Positive Patients

e All candidates who are to receive immunosuppressive therapy should be referred
to a specialist for further assessment and diagnosis of the phase of HBV infec-
tion, and all should receive a nucleotide analog either as prophylaxis or as treat-
ment [14].

e The patients with chronic hepatitis B who are untreated and developed concomi-
tant rheumatological disorders needing biologicals have to be referred for appro-
priate antiviral therapy prior to immunosuppressive treatment [8].

e These patients should be treated with entecavir or tenofovir, similar to patients
who are immunocompetent, with the monitoring and stopping rules of nucleo-
side analogs being the same.
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The treatment of patients with chronic HBV infection but without chronic hepa-
titis is not without controversy. They have to receive antiviral prophylaxis with
entecavir or tenofovir. Lamivudine has also been used successfully as prophy-
laxis, but there is a risk of HBV reactivation.

For rituximab-based regimens, the prophylaxis should continue for 18 months
after stopping immunosuppressive treatment and 12 months in the case of other
regimens. Viral prophylaxis should be discontinued only if the underlying dis-
ease is in remission. It is recommended that liver function tests and HBV DNA
be checked every 3—6 months during the period of prophylaxis. This should be
continued for at least 12 months after the withdrawal of antivirals.

19.4.5 In HBsAg Negative, anti-HBC Positive Subjects (Occult

HBYV Infection)

It is recommended that serum HBV DNA be tested. If HBV DNA is detected in
the serum, then management is similar to patients who are HBsAg positive
before starting immunosuppression.

In the high-risk group, (greater than 10% incidence of HBV reactivation), antivi-
ral prophylaxis is recommended. The duration of the prophylaxis should be
18 months after stopping immunosuppression, and monitoring of LFTs and viral
DNA should continue for at least 12 months after withdrawal of prophylaxis. The
prophylactic agents that can be used are lamivudine, entecavir, or tenofovir. The
latter two are preferred if the duration of the immunosuppressive regimen is
likely to be a long one.

If the risk of reactivation is moderate (less than 10%) or low (less 1%), the rec-
ommendation is preemptive therapy, not prophylaxis. Preemptive therapy is
based upon monitoring HBsAg and/or HBV DNA every 1-3 months during and
after immunosuppression. In case of detection of HBV DNA or HBsAg serocon-
version, entecavir or tenofovir treatment is commenced. If there is likely to be a
long duration of immunosuppression, patients are unlikely to be compliant with
monitoring, or if the risk of viral reactivation for new biologicals is unknown,
then universal prophylaxis is recommended over preemptive therapy [14].

Thus immunosuppressive therapy can be safely used when concomitant prophy-
lactic antiviral therapy is also prescribed under specialist guidance [8].

It is recommended that HBV sero-negative patients receive vaccination [14].

19.5 Hepatitis C

19.5.1 Natural Course

Sixty—eighty five percent of patients after acute hepatitis C infection remains
chronically and persistently infected. Of those with chronic HCV infection, 20%
are estimated to develop end-stage liver disease with liver-related complications
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leading to mortality. This progression takes place over several decades. Thus
75-85% of patients chronically infected will not die of HCV infection [12].
Hepatitis C reactivation following immunosuppressive therapy, in contrast to
HBYV reactivation, is rare, though when reactivation occurs, the mortality and
morbidity rates are the same. The pathogenesis of HCV reactivation following
immunosuppressive therapy is believed to be due to an increase in HCV replica-
tion, a rise in viral load to at least 1-logl0 IU/mL above baseline, leading to
direct hepatotoxicity and cell death.

HCYV reactivation can vary from being asymptomatic to an increase in amino-
transferases up to three times normal. They have been cases reported of severe
hepatic failure [13].

Pompili et al. undertook a comprehensive literature review between January 2000
and August 2013 in which 216 patients with HCV were observed for a cumulative
total of 260 patients per year of anti-TNF treatment. Of the 216 patients, there were
only 3 cases of withdrawal of the drugs due to suspected worsening of HCV liver
disease. One hundred fifty-three patients received etanercept. Three cases had ele-
vated transaminases. In 5 cases, there was an increase in HCV RNA, and two cases
were withdrawn due to drug toxicity. Forty patients received infliximab of whom
there were 2 cases with elevated transaminases and 4 cases with elevated HCV
RNA. The 23 patients receiving adalimumab had no complications [17].

Though studies continue to demonstrate that anti-TNF therapy has no detrimen-
tal effect on HCV infection, it remains advisable to aim for viral control before
commencing immunosuppression. Data from a small study comparing safety
profiles of TNF alpha inhibitors and rituximab therapy in patients with rheuma-
toid arthritis and chronic hepatitisC has shown that the viral load of hepatitisC is
increased after treatment with rituximab as compared with anti-TNF therapy.
Data to recommend the use of tocilizumab, abatacept, secukinumab, and
ustekinumab in patients with chronic hepatitis C infection is insufficient, though
small studies have not shown an increase in viral load or increased risk of hepa-
titis C reactivation with these agents in those who had received antiviral
prophylaxis.

19.5.2 Screening Recommendations

Guidelines recommend screening of all patients for HCV infection prior to com-
mencing immunosuppression. Screening should include testing for anti-HCV
antibodies in the serum or plasma. If anti-HCV antibodies are detected, HCV
RNA should be determined by a sensitive molecular assay. If HCV RNA assays
are not available, then HCV core antigen should be detected in the serum or
plasma [5].

All patients with evidence of HCV infection should be referred to a hepatologist
for consideration of treatment with the highly effective direct-acting antiviral
agents (DAA). This includes those with HCV-related mixed cryoglobulinemic
vasculitis and HCV immune complex-mediated nephropathy. Rituximab has
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been used along with interferon-free DAA (direct-acting antiviral agents) based
anti-HCV combination in the treatment of these manifestations [18].

e Though studies have not demonstrated a detrimental effect of biologic therapies
(especially anti-TNF) on HCV infections, working closely with a hepatologist
with close monitoring of serum aminotransferases and HCV RNA during ther-
apy is recommended in all patients with HCV infections and coexisting rheu-
matic disorder being treated with a biologic [5].

e Anti-TNF drugs should be used very cautiously in the presence of compensated
cirrhosis and the benefit-risk ratio evaluated at the individual level. They are
contraindicated in patients with decompensated liver disease.

19.6 HIV Infection

e Patients with HIV infections are at a higher risk of developing rheumatic dis-
eases at any stage of the illness [19]. Greater than 5% of HIV-infected patients
experience arthralgias or arthritis, and the prevalence for HIV arthritis can be
up to 12%.

¢ In treating a rheumatic disorder in an HIV-infected patient, the treating clinician
faces multiple challenges. These could range from choosing the appropriate
medication that strikes the right balance between efficacy and safety to reducing
the effects of chronic inflammation [20].

e In HIV-infected patients, biological DMARDs have been used fairly successfully
and with a reasonably good safety profile [19]. Most information about the use
of biologic agents in HIV-infected patients is limited to case series and case
reports and mostly pertains to the use of TNFL

e In 2007, a case report by Kaur et al. reported the successful use of etanercept in
the treatment of RA in a patient with HIV infection. There was a significant
decrease in the swollen and tender joint counts after 3 months of treatment, and
there were no other adverse events noted. During therapy with etanercept, HIV
RNA remained stable at 115 copies/mL, and CD4 T-cell count at the lowest was
236 cells/mm.

e Cepeda et al. described two HIV-infected patients with rheumatoid arthritis
treated with etanercept for a year. Both patients had very low HIV RNA levels
and CD4 counts greater than 600 cells/mm? and had a good clinical response to
treatment with no complications from therapy with etanercept.

e The safety and efficacy of TNF inhibitors in HIV-infected patients with other
rheumatic disorders such as psoriatic arthritis (etanercept, adalimumab, inflix-
imab), HIV-related arthritis (etanercept, adalimumab), reactive arthritis (inflix-
imab) have been demonstrated in many case reports [20].

e In a case series of 8 American HIV-positive patients, treatment with anti-TNF
was administered for different rheumatic disorders. (2 with RA, 1 with AS, 1
with reactive arthritis, 1 with undifferentiated SPA, and 3 with psoriatic arthritis).
All patients had a viral load less than 60,000 copies/mm? and CD4 count of more
than 200 cells/mm? at the onset of therapy. There was a good response to treat-
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ment over a mean follow-up of 28.1 months. There were no adverse effects to
treatment with CD4 counts and HIV viral load remaining stable [21].

e The clinical outcomes have been good in most patients who have been receiving
concomitant HAART [5].

e However, there is a case report by Aboulafia et al. of a patient with HIV infection
on HAART and psoriatic arthritis treated with etanercept in whom, despite good
clinical response, treatment had to be discontinued due to recurrent polymicro-
bial infections. His CD4 count of 20 and an HIV load of 14,000 copies/ml despite
HAART may be an explanation of the negative outcome [20].

e Ustekinumab has been used successfully in a case report of a patient with HIV
infection on HAART with refractive psoriasis and psoriatic arthritis with signifi-
cant improvement in skin and joints after two years of treatment. The patient did
not suffer any opportunistic infection and had an undetectable viral load and
stable CD4 count [19].

e Gaylis (2012) reported successfully treating an HIV patient on HAART with
reactive arthritis with infliximab. The duration of therapy was 10 years and with
an improvement in patient symptoms, an undetectable viral load and CD4 count
within normal range.

e Adalimumab has been used by Almoallen et al. in 2013 in successfully treating three
cases with HIV infection on HAART with co-existent inflammatory arthritis. All
patients had clinical improvement with stable CD4 counts and HIV viral load [22].

e A systematic review in 2016 on efficacy and safety of biological therapy for
inflammatory conditions in individuals with HIV identified 37 treatment epi-
sodes encompassing ten different inflammatory conditions with 6 different bio-
logical agents and was limited to case reports and case series only. The
rheumatological disorders were psoriatic arthritis (8 patients), RA (4 patients),
reactive arthritis (2 patients), AS (1 patient), undifferentiated SpA (1 patient),
and AAV (1 patient). All patients, except the one with AAV who received ritux-
imab, were treated with anti-TNF. Treatment responses were broadly compara-
ble to HIV uninfected patients receiving biological therapy. No significant
negative effects on ART therapy were identified. In the minority of patients not
receiving HAART at the time of biologic therapy, HIV control was not affected
adversely. However, details concerning immunological and virological parame-
ters of follow-up and ART regimens were limited [23].

¢ Risk factors for HIV infection should be documented, and if present, an HIV test
should be done before commencing biologicals. If biologic therapy is being con-
sidered in HIV-positive patients, an HIV specialist should be involved. If HIV
infection is controlled (CD4 count more than 200 cells/mm?® and viral load unde-
tectable) and anti-TNF is administered in combination with HAART, there is
believed to be a reasonable benefit to risk ratio for HIV patients. Evidence to
recommend the use of rituximab, tocilizumab, abatacept, or ustekinumab in
patients with HIV infection is insufficient.

While anti-TNF therapy is ongoing in patients infected with HIV, close monitor-
ing of viral load and CD 4 count is essential [5].
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19.7 Other Infections

Legionella pneumophila—Tubach et al. have reported a series of pneumonia caused
by Legionella pneumophila in 11 patients treated with anti-TNF. ARDS developed
in 5 out of the 11 cases, but there was complete recovery in all patients with appro-
priate antibiotic therapy.

Listeria monocytogenes—Listeriosis has been reported in patients with inflix-
imab, etanercept, and adalimumab. It can present as meningitis, arthritis, or sepsis.
There is evidence that TNF signaling plays a significant role in complex host resis-
tance to infection with Listeria monocytogenes. There are no reports linking golim-
umab, certolizumab, or abatacept with Listeria infection. As Listeria infections in
immunocompromised patients run a severe course, it is recommended to advise
patients receiving immunosuppressive therapy, including anti-TNF agents, to ade-
quately heat or avoid foods that could be potential sources of Listeria monocyto-
genes infection.

Visceral Leishmaniasis—This should be suspected in patients from endemic
areas presenting with fever, splenomegaly, and pancytopenia. It is a rare complica-
tion of biological treatments.

Salmonella Infection—Several case reports have indicated that patients treated
with TNF inhibitors are susceptible to infection with different species of Salmonella,
and the infection can run a severe course [1].

SARS-CoV-2 Infection—Due to the constantly evolving nature of the pandemic,
EULAR has come up with a few provisional recommendations as a ‘living docu-
ment’ and a starting point. It is recommended that patients with RMD (rheumatic
and musculoskeletal disease) who do not have suspected or confirmed COVID 19
infection should be advised to continue their treatment unchanged, including
bDMARDs, among others. In cases of mild symptoms of Covid, treatment altera-
tion should be considered on a case-to-case basis and a careful watch kept for poten-
tial aggravation of the initial mild disease. RMD patients with moderate to severe
Covid 19 infection should be referred to an expert in treating Covid 19, and local
Covid treatment guidelines to be followed [24].

19.8 Conclusion

* Biologic DMARDs, both TNFI and non TNFI, according to existing literature,
are associated with an increased risk of infection compared to patients on
csDMARD:s.

* Screening for TB and other serious infections is universally advocated before
initiating biologic therapy.

* In the presence of any serious active infection (requiring I'V antibiotics or hospi-
talization), biological therapy should not be initiated.

 In patients, who developed a serious infection while on biologics, the biological
agent should be discontinued. It can be recommenced after the resolution of
infection [5].
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Biologics in Rheumatologic Conditions 2 0
with Malignancy

Lata Bichile, Dipti Patel, and Tanmayee Bichile

20.1 Introduction

A familiar association exists between various rheumatologic conditions and
increased risk of different malignancies. Malignancy can be a presenting feature of,
develop during, or years after the diagnosis of rheumatologic disease (Table 20.1).

Clinical presentations of malignancy in relation to rheumatologic diseases
include:

1. Paraneoplastic syndromes—malignancy presenting as a rheumatologic disease
e Dermatomyositis/polymyositis.
e Hypertrophic osteoarthropathy.
e Palmar fibromatosis with polyarthritis.
* Remitting seronegative symmetrical synovitis with pitting edema (RS3PE).
e Carcinomatous polyarthritis.
e Paraneoplastic vasculitides.
e Lambert—Eaton syndrome.
e Multicentric reticulohistiocytosis.
* Amyloidosis and others.

L. Bichile (P<)
Formerly Head Department of Medicine, Rheumatology Services Seth G.S Medical College,
KEM Hospital, Mumbai, India

Centre for Arthritis and Rheumatic Diseases, Mumbai, India

D. Patel
Wockhardt Hospital, Mumbai, India

T. Bichile
Drexel University School of Medicine, Rheumatologist, Allegheny Health Network,
Autoimmunity Institute, West Penn Hospital, Pittsburgh, PA, USA

© The Author(s), under exclusive license to Springer Nature Singapore 213
Pte Ltd. 2022

N. Jain, L. Duggal (eds.), Handbook of Biologics for Rheumatological Disorders,
https://doi.org/10.1007/978-981-16-7200-2_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-7200-2_20&domain=pdf
https://doi.org/10.1007/978-981-16-7200-2_20#DOI

214

L. Bichile et al.

Table 20.1 Common malignancies in Rheumatic diseases

Disease

Common associated
malignancies

Option of biologics

Rheumatoid arthritis

Lymphoma, breast cancer,
lung cancer, Colon cancer

High-grade cancer- avoid anti-TNF for at
least 5 years

Rituximab can be given

Tocilizumab, Tofacitinib, Baricitinib,
Abatacept—Sparse data available
regarding cancer recurrence so to be used
with clinical discretion on case-to-case
basis

Ankylosying
spondylitis

Bone and prostate cancer
(more in males)
Colon cancer (females

Anti TNF does not increase risk of cancer
development in AS.
Use anti TNF taking into consideration

predominantly) the nature and grade of cancer.

Primary Sjogrens Non-Hodgkin’s Rituximab is a treatment option but
lymphoma vigilance to be observed for indolent
MALT lymphomas

Lung, salivary, ovarian,
and pancreatic
adenocarcinomas

Basal cell and squamous
cell carcinomas

Scleroderma Breast cancer Rituximab can be offered if clinical need
Lung cancer
Myositis— Ovarian, lung, pancreas, The treatment of active cancer usually
Dermatomyositis/ stomach and colon improves the symptoms of myositis.
polymyositis cancers Corticosteroids and IVIG can be
administered
Psoriasis Hodgkin’s lymphoma and | Anti TNF therapy to be used in caution
cutaneous T cell with patients who received PUVA therapy
lymphoma
SLE Large B cell lymphoma Rituximab can be used if clinical need
Vasculitis Leucocytoclastic
vasculitis could be a
paraneoplastic
presentation

2. Patients with pre-existing rheumatologic disease can develop malignancy early
or late after diagnosis as seen in
e Dermatomyositis/polymyositis.
¢ Rheumatoid arthritis (RA).
e Systemic lupus erythematosus (SLE).
e Sjogren’s syndrome (SS).
e Scleroderma/systemic sclerosis (SSc) and others.

3. Certain treatments for rheumatologic diseases can increase the risk of malig-
nancy. For example, cyclophosphamide use is linked to bladder and hematologic
cancers particularly leukemia.

4. With the advent of immunotherapy for the treatment of malignancies, autoim-
mune and rheumatologic immune-related adverse events (iRAes) are increas-
ingly recognized.
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Therefore, physicians should be suspicious of, recognize early, evaluate, and
treat rheumatologic diseases that occur in close relationship to malignancies [1].

20.2 Rheumatic Diseases and Cancer: A Possible Link

Chronic inflammation and carcinogenesis share a close link due to chronic immune
dysregulation occurring in rheumatologic diseases. Following factors play a pivotal
role in the development of malignancy:

* A lead role played is by inflammatory cells and mediators in initiation, promo-
tion, and progression of cancer by the transition of epithelial to mesenchymal
cells and metastases.

e Chronic inflammation creates a protumor genic environment via the production
of proinflammatory mediators- such as cytokines, chemokines, reactive O2,
cyclooxygenase-II (COX 2), 5-lipoxygenase (5-LOX), and Matrix metallopro-
teinases (MMPs).

* Proinflammatory transcription factors such as NF-kB promote tumor cell prolif-
eration, transformation metastases, survival, invasion angiogenesis, chemo-
resistance, and radio-resistance.

e The activated inflammasomes play varied and contrasting roles in tumor promo-
tion and therapy depending on the microenvironment in addition to producing
cytokines.

e Autophagy is a process where intracellular degradation occurs to maintain cel-
lular homeostasis and to inactivate inflammasomes. Also, it is observed that
autophagy is involved in the progression of cancer to metastases. Hence, inflam-
masomes and autophagy are the key players in inflammation and thereby labeled
as a two-edged sword for tumoregenesis [2].

Triggers for carcinogenesis include factors such as infectious agents, smoking,
tobacco, stress, diet, obesity, and alcohol which drive 90% of the cancers. They are
also linked to the pathogenesis of rheumatologic diseases.

20.3 The Possible Association Between Biologics
and Malignancy

The current approach for the treatment of RD is early and persistent suppression of
inflammation with targeted therapies to prevent long-term complications.

e Treatment of RD has evolved from conventional disease-modifying antirheu-
matic drugs (c(DMARDS) to biologic DMARDs, targeted synthetic DMARD:s,
and biosimilars.

* Anti-TNF therapy and some non-TNF biologics that treat RD have raised con-
cerns regarding their association with certain cancers.
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e The role of TNF is pleiotropic and not restricted only to immune cells. It can be
a tumor-promoting cytokine affecting tumor immunity.

e There is also a possibility that TNF blockers may abolish a TNF-driven mecha-
nism that keeps indolent cancer such as lymphoma in check.

20.3.1 Rheumatoid Arthritis (RA)

RA is a chronic systemic immunoinflammatory disease predominantly affecting
joints. Its worldwide prevalence is 1% with a male to female ratio of 1:4.

e RA is progressive and erosive in nature within 2 years of disease onset.

e It is hypothesized that tumorigenesis in RA may occur from sustained exposure
to inflammatory mediators leading to increased cell proliferation, mutagenesis,
oncogene activation, and angiogenesis.

e This persistent inflammatory state leads to higher disease activity and that in turn
acts as a major risk factor for cancer development.

e The risk of some site-specific malignancies is increased in comparison to other
cancers. A large meta-analysis reviewing incidence of malignancy in adults with
RA found a high standardized incidence ratio (SIR) of:

Lymphoma (SIR-2.08).

Breast cancer (SIR-0.84).

Lung cancer (SIR-1.63).

Colorectal cancer (SIR-0.77) [3-5].

20.3.1.1 LymphomainRA

* A noticeable twofold increase in lymphoma risk is seen in RA patients as com-
pared to the general population. This risk is pronounced in the first 10 years of
RA diagnosis irrespective of treatment received. Following factors are hypothe-
sized to contribute to the development of lymphoma in RA:

— Genetic predisposition.

— Persistence of longstanding disease activity.

— Continued immune stimulation by infections like EBV.

— Treatment with methotrexate, anti-TNF agents, cyclophosphamide.

e Most studies have revealed mixed data in this regard largely indicating high dis-
ease activity contributes to malignancy development rather than the treat-
ment itself.

e In a large data obtained from 12 European Biologic registries analyzing the use
of anti-TNF, abatacept, tocilizumab concluded that the risk of developing lym-
phoma with RA was related to disease activity rather than the treatment received.
This data reassures that lymphoma risk can be reduced by reducing the burden of
inflammation.
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e It was found that treatment with adalimumab, etanercept, infliximab did not
influence the development of lymphoma up to 8 years of therapy. This study
ruled out the association of lymphoma in patients with RA on anti-TNF therapy
over a period of 5 years.

* No significant difference in risk was found between malignancies and treatment
with conventional DMARDs, targeted synthetic DMARDs (tofacitinib), and
other biologic DMARD:s [6].

20.3.1.2 Breast CancerinRA

e Breast cancer is common in female patients with RA. There is a reported border-
line increased risk of developing breast cancer even before RA manifests, for
unknown reasons.

e The prognosis of breast cancer in women with RA is worse as compared to the
general population.

e In patients with RA and history of breast cancer, no significant difference was
noted in the risk of recurrence within 5 years in TNF-treated patients as com-
pared to biologic naive patients.

e Some clinical data link high levels of TNF with disease-free survival in patients
with metastatic breast cancer, indicating adverse effects of anti-TNF treatment in
these patients.

 In clinical practice, anti-TNF treatment is not recommended in RA patients with
high-grade tumors.

e As stated by clinical guidelines, anti-TNF treatment in a patient with active
breast cancer should be given with utmost prudence [7].

20.3.1.3 LungCancerinRA
e A high incidence of lung cancers in RA compared to the general population is
observed in:
— Men.
— > 55 years
— Smokers.
— Felty’s syndrome.
e The survival for patients with RA and concomitant lung cancer is worse [8].

20.3.1.4 Other CancersinRA

¢ A decrease in the concomitant incidence of RA with stomach, liver, and colon
cancer is noted as compared to the general population along with a less favorable
prognosis.

e The progression of pre-cancerous cervical lesions is accelerated in women with
RA, with studies showing no consistent trend in cervical cancer risk [8].

e The majority of studies have detected an increased risk of non-melanoma skin
cancer (NMSC) and possibly melanoma with anti-TNF use in RA patients.
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e TNF may play a protective role in the growth or recurrence risk of melanoma
since high doses of locally administered TNF display a powerful anti-
neoplastic effect.

e This raised concern regarding the use of anti-TNF agents and the increased risk
of developing melanoma.

e However, no study till date has noted an increased risk of melanoma in biologic
naive patients with RA while few studies have shown mixed results.

20.4 Conclusions

e TNF inhibitors exert pleiotropic effects on carcinogenesis and tumor progres-
sion. Their impact is incompletely understood for different cancers that affect
various sites at different stages of carcinogenesis.

e The consequences of anti-TNF therapy on short-term (6 months) and long-term
occurrence of cancer remain a concern.

e The majority of studies have shown no increased incidence or relative risk of
cancer increase with time and cumulative duration of active anti-TNF therapy
with the 5 FDA-approved TNF inhibitors as shown in Table 20.2.

e Rituximab (RTX) is a B cell depleting antibody against CD 20 that can be effec-
tively used in the treatment of B cell lymphoma in patients with RA without
affecting the malignancy risk in such patients. RTX can be the biologic of choice
in the treatment of RA patients with prior malignancy.

e Scant cancer risk information is noted for the following drugs. Although reports
indicate no association with increased malignancy risk, anti-TNF therapies are
more commonly used than these drugs:

Tocilizumab (IL6 inhibitor.

Tofacitinib (JAK inhibitor).

Baricitinib (JAK inhibitor).

Abatacept (Fusion immunoglobulin targeting CTLA-4).

20.4.1 Ankylosing Spondylitis (AS)

e An immune disorder characterized by chronic inflammation in large joints par-
ticularly sacroiliac (SI) joints.

e Pathologically chemokines, cytokines, prostaglandins can shift the microenvi-
ronment of a healthy organ to a dysplastic state causing malignant changes in the
affected cells.

Table 20.2 FDA approved TNF inhibitors

Monoclonal antibodies Adalimumab, Golimumab, Infliximab

Pegylated fab fragment Certolizumab
Soluble receptor fusion protein Etanercept
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* The potential association of AS and cancer is controversial.

e As noted in a large study, male patients with AS had an increased risk of bone
and prostate cancer, whereas females had an increased risk of colon cancer.

e Presence of HLA-B27 is linked to an increased risk of developing hematological
malignancies in patients with AS.

e Opverall, anti-TNF therapy does not affect the risk of cancer development in AS
patients [9].

Clinical Tip
A lady with longstanding RA currently stable on Methotrexate (MTX) and
adalimumab develops early stage breast cancer.

Treatment considerations—The treatment of breast cancer takes prece-
dence over RA.The existing treatment of MTX and adalimumab should
be ceased.

If RA is symptomatic—corticosteroids, pain relief and DMARDS like sul-
fasalazine, Hydroxychloroquine can be initiated.

Once the cancer treatment is completed—discuss with the oncologist
regarding the nature, extent, recurrence risk, and prognosis of the tumor
before considering the treatment agent for RA.

If RA is active and warrants biologic treatment—agents like Rituximab can
be offered. If the breast cancer is high grade with high risk of recurrence, anti-
TNF agents would be reasonable to avoid for until at least 5 years of
the cancer.

Agents like JAK inhibitor, abatacept, Tocilizumab could be offered with
counselling regarding sparse data on their use and risk of cancer recurrence.

This approach can be applied to all malignancies encountered during RA
treatment.

20.4.2 Primary Sjogren’s Syndrome

Primary Sjogren’s syndrome (SS) is associated with increased risk for cancer, par-
ticularly lymphoma.

e The incidence of lymphoma is 37.5 times higher and incidence of non-Hodgkin’s
lymphoma is 13.76 times higher than that in the general population.

e There is a 11-fold increased risk of hematological cancers such as non-Hodgkin’s
lymphoma, MALT (in parotid, palate, stomach, bone marrow, plasma cell
myeloma.

e Non-hematological malignancies frequently seen in SS include lung adenocarci-
noma, salivary adenocarcinoma, ovarian adenocarcinoma, pancreatic
adenocarcinoma.

* Non-melanoma skin cancer such as basal cell and squamous cell carcinoma is
associated with increased risk in patients with SS.
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e Hydroxychloroquine is commonly prescribed for patients with SS. It is neither
associated with the development of nor does it offer any protection against the
development of lymphoma.

e Methotrexate is often used for managing extraglandular manifestations of
SS. Although the use of MTX is linked with the development of lymphoma, the
causal relationship is not well established and could correlate with the severity
and complications of the disease itself.

e Rituximab is used in patients with SS with no increased risk of cancer
development.

¢ Rituximab is a treatment option for B cell lymphoma, which is a common asso-
ciation in patients with SS. The indolent lymphomas in these patients may not
manifest clinically, hence high vigilance should be observed during the treatment
with Rituximab [10-12].

20.4.3 Scleroderma

e Breast and lung cancers are prevalent in scleroderma patients.

e In a recent study by the Johns Hopkins Scleroderma Center, certain auto-
antibodies and scleroderma subtypes had an increased risk of developing cancer,
as shown in Table 20.3.

e Although there was no increased risk seen in overall cancers in scleroderma
patients, an increased risk was observed in certain phenotypes at the onset of the
disease.

¢ Patients presenting with late-onset diffuse cutaneous scleroderma irrespective of
anti-RNAP3 antibody status frequently have synchronous malignancy [13, 14].

20.4.4 Myositis

e Although the overall risk of malignancy is high in myositis patients as compared
to general population, the risk is especially high in dermatomyositis (DM) in the
first 5 years of diagnosis.

e Anti-Jol antibody patients are at low risk of developing cancers.

e Anti-TIF1-y and anti-NXP2 antibodies in DM have been associated with an
increased risk of cancer.

e DM-associated cancers are mostly of ovarian, lung, pancreas, stomach, and colon.

Table 20.3 Risk of cancer development in scleroderma patients

Presentation Auto-antibodies Increase in risk of type of cancer
Diffuse Anti-RNA polymerase III antibodies Breast cancer (within 2 years of
scleroderma (anti-RNAP3) diagnosis)

Limited Anti-topoisomerase, anti-centromere, Breast cancer

cutaneous and RNAP 3

Limited Anti-RNAP3 Lung cancer

cutaneous
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Polymyositis is associated with NHL and cancers of lung and bladder.
Treatment of underlying cancer usually improves the symptoms of myositis.
Corticosteroids and IVIG are frequently used to treat myositis in cancer.

The standard treatment should be continued throughout the course of primary
cancer to prevent relapses [15].

20.4.5 Psoriasis

Psoriasis patients are likely susceptible to lymphoproliferative malignancies and
non-melanoma skin cancers (NMSC) due to its inflammatory nature, past immu-
nosuppressive therapies, or ultraviolet (UV) exposure. The risk is directly pro-
portional to the severity of the disease.

A severe form of psoriasis is strongly linked to Hodgkin’s lymphoma and cutane-
ous T-cell lymphoma.

Anti-TNF therapy is relatively contraindicated in patients who have had prior
treatment with >150 psoralens and ultraviolet A (PUVA) and/or >350 ultraviolet
B (UVB) phototherapy. Such patients should be discussed with a dermatologist
prior to commencing anti-TNF therapy.

In clinical trial data of secukinumab (IL 17 inhibitor), the incidence rates of
malignancy by week 52 were similar to etanercept, basal cell carcinoma (BCC),
and squamous cell carcinoma (SCC) were commonly reported, particularly BCC
occurring in patients with previous phototherapy exposure.

The other malignancies reported for secukinumab were melanoma, bladder can-
cer, and thyroid cancer [16].

20.4.6 Systemic Lupus Erythematosus (SLE)

SLE is a chronic multisystem autoimmune disease characterized by the produc-
tion of auto-antibodies, immune complex deposition, and complement activation
that results in organ inflammation and when untreated organ damage.

SLE patients are at an increased risk of cancer particularly lymphoma compared
to the general population.

There is a four- to sevenfold increased risk of lymphoma in SLE compared to the
general population.

Diffuse large B cell lymphoma is the most common lymphoma seen.
Pathogenesis of lymphoma in SLE remains unclear and there is sparse data
regarding survival and outcomes [17].

20.4.7 Vasculitis

Vasculitis in cancer is a true paraneoplastic syndrome of an underlying solid or
hematological cancer.

The commonest type is leukocytoclastic vasculitis that antedates, appears after
cancer, or simultaneously.
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e Vasculitis flares with tumor recurrence or progression supporting the concept it
is a paraneoplastic syndrome.
» Effective therapy of cancer resolves vasculitis [18].

20.5 Summary

e According to British Society Guidelines, biologic therapies should not be com-
menced in patients with clinical signs of, or under investigation for malignancy
(basal cell carcinoma excluded).

 Patients should be advised that there is no conclusive evidence for an increased
risk of solid tumors or lymphoproliferative disease linked with biologic therapy,
but that ongoing vigilance is required.

e There is an increased risk of NMSC with anti-TNF therapy (primarily in
Caucasians); patients should be educated regarding sun protection techniques,
surveillance, and prompt reporting of new persistent skin lesions.

e Caution should be exercised in the use of biologics in patients with previous
malignancy. The timing of commencement of biologic therapy post-malignancy
is not fixed and will depend on the type, stage of malignancy, risk of metastasis,
and patient views.

e The effect of biologics on pre-malignant conditions remains unclear and the use
of biologics in such patients should be of utmost care.

¢ RTX may be considered as a first-line biologic option in patients with malignancy.
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Sirichai Pasadhika and James T. Rosenbaum

21.1 Introduction

Uveitis is one of the most common causes of blindness worldwide. The patients
may present with eye pain, redness, light sensitivity, floaters, and decreased vision:

— It may arise in patients of any age group, but most commonly affects the working
population (2059 years old).

— Some subtypes, such as uveitis associated with juvenile idiopathic arthritis (JIA),
occur in younger population and may cause lifelong visual sequelae. Therefore,
treatment burden of uveitis is substantial.

— Upveitis can be categorized by anatomical involvement of the inflammation, into
anterior (iritis, iridocyclitis), intermediate (vitritis), and posterior (retinitis, cho-
roiditis) uveitis; or panuveitis (anterior + intermediate + posterior uveitis).

— It may also cause retinal vasculitis, cystoid macular edema (CME), and other
secondary complications such as cataract and glaucoma.

— HLA-B27-related uveitis most frequently presents with acute, unilateral, alter-
nating, recurrent, anterior uveitis, while JIA uveitis most commonly causes bilat-
eral chronic anterior uveitis. Behget’s uveitis may cause panuveitis with retinal
vasculitis.
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21.2 Conventional Treatment for Noninfectious Uveitis

e Uveitis may be caused by bacterial, fungal, viral, or parasitic infections. In rare
occasions, neoplastic conditions such as intraocular lymphoma may masquerade
as ocular inflammation. Additional eye conditions that can mimic or masquerade
as uveitis include pigment dispersion syndrome, retinal detachment, and retinal
degeneration. Precise diagnosis is crucial for appropriate therapy. Once malig-
nant, masquerade, or infectious causes are excluded, the control of ocular inflam-
mation is the key to the treatment of noninfectious uveitis.

— We typically use a stepladder treatment approach, starting with topical, local
(e.g., periocular or intravitreal injections), and/or systemic corticosteroids.
Some patients may require systemic immunomodulators if they are unable to
taper or are intolerant to steroids, or if the condition becomes recalcitrant to
treatment.

— Most commonly used systemic immunomodulating agents are methotrexate,
azathioprine, and mycophenolate mofetil.

21.3 Systemic Biologic Therapy for Noninfectious Uveitis

* Biologic response modifiers are emerging therapy for uveitis. Biologics have
been developed and approved to treat many systemic inflammatory diseases,
such as JIA, ankylosing spondylitis (AS), psoriatic arthritis (PSA), psoriasis
(PSO), inflammatory bowel disease (IBD) (ulcerative colitis (UC), and Crohn’s
disease (CD)), Behcet’s disease (BD), and rheumatoid arthritis (RA).

— Frequently, uveitis may be associated with systemic conditions.

— Many observational reports initially showed that biologics may be effective
for uveitis if the patients required therapy for their systemic conditions.

— Opver the past decade, more and more studies subsequently demonstrated the
potential efficacy of various biologics for the treatment of uveitis (either
related or unrelated to systemic conditions).

— Tumor necrosis factor (TNF) antagonists (mainly infliximab and adalim-
umab) are the most common biologics studied and used for uveitis.

— We generally reserve biologics as second-line therapy if the patients failed
or are intolerant to conventional immunosuppression. Exceptions are
applied to those with severe uveitis related to BD or other sight-threatening
conditions.

21.3.1 Tumor Necrosis Factor Inhibitors (TNFi)
21.3.1.1 Infliximab (Remicade’, Janssen Biotech, Inc) [6, 10, 24]

— A chimeric monoclonal antibody that binds both circulating and membrane-
bound TNF-a.
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Infliximab is approved in the US for RA, UC, CD, AS, PsA, and PSO.

Route of administration: intravenous infusion (IV).

Initial studies showed that infliximab can be a particularly rapid and very
effective therapy for BD-related panuveitis and retinal vasculitis and JIA
uveitis.

Besides BD and JIA, infliximab has been reported as an effective therapy for
various forms of uveitis such as HLA-B27-related anterior uveitis, birdshot cho-
rioretinopathy (BSCR), pars planitis, intermediate uveitis, multifocal choroiditis,
serpiginous choroidopathy, sympathetic ophthalmia, diffuse subretinal fibrosis,
idiopathic uveitis, recalcitrant uveitic CME, and uveitis associated with sarcoid-
osis, AS, IBD, PSO, Takayasu disease and Vogt-Koyanagi—Harada (VKH)
syndrome.

Pediatric patients may require more frequent infusions or greater doses based on
mg/kg compared to adults.

A prospective trial for various types of refractory uveitis demonstrated initial
benefit in approximately 3 of 4 patients. There was a 60% retention rate in both
the first and second years.

Infliximab is especially effective for BD-related uveitis. Fabiani et al. showed
that the drug retention rates at 2-, 5-, and 10-year follow-up were 86%, 76%, and
47%, respectively.

A few cases of recurrent inflammation after switching from original infliximab
to biosimilar infliximab have been reported.

21.3.1.2 Adalimumab (Humira®, AbbVie Inc) [8, 16, 27, 28]

A fully humanized monoclonal antibody against TNF-a.

Adalimumab is approved in the US for uveitis, RA, UC, CD, AS, PsA, PSO, JIA,

and hidradenitis suppurativa.

Adalimumab is the only FDA-approved biologic for noninfectious intermediate,

posterior, and panuveitis.

Route of administration: subcutaneous injection (SC).

Recommended dosage.

e Adult uveitis: 80 mg loading, followed by 40 mg at week 1, then 40 mg every
2 weeks.

e Pediatric uveitis: 10-15 kg (10 mg every 2 weeks), 15-30 kg (20 mg every
2 weeks), > 30 kg (40 mg every 2 weeks).

It is highly effective for the treatment of BD and JIA-related uveitis.

Like infliximab, adalimumab has been shown to reduce anterior uveitis flares in

AS patients, to resolve uveitic CME, and to control various subsets of uveitis

such as idiopathic, sarcoidosis, VKH, CD, BSCR, multifocal choroiditis with

panuveitis, and Blau syndrome.

Large clinical trials showed that adalimumab can be effective to control inflam-

mation in patients with active (VISUAL I) and inactive (VISUAL II) intermedi-

ate, posterior, and panuveitis. The extension study of VISUAL I&II also

confirmed its safety and efficacy (VISUAL III).
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21.3.1.3 Golimumab (Simponi’, Janssen Biotech, Inc) [30]

Subcutaneous golimumab (Simponi®) is approved for RA, PsA, AS, and UC, and
intravenous golimumab (Simponi Aria® is indicated in RA, PsA, AS, and JTA.
Case reports and series showed that it may be a successful treatment for uveitis
associated with AS, JTA, BD, and idiopathic retinal vasculitis.

The GO-EASY Study (multi-center, prospective, 93 patients with AS) showed
that golimumab reduced acute uveitis attack rate from 11.1 to 2.2 per 100
patient-years.

Miserocchi et al. retrospectively studied 34 eyes of 17 patients with severe recal-
citrant uveitis (13 with JIA, 4 with HLA-B27 uveitis), with a mean follow-up of
21.9 months. Visual acuity was stable in 26 eyes, improved in 7, and wors-
ened in 1.

It can be effective in both TNFi-naive and -experienced patients.

Most commonly used dose: 50 mg every 4 weeks, subcutaneous injection.

In some reports, more frequent injections (50 mg every 3 weeks), or higher doses
(100 mg every 4 weeks) were used to control uveitis.

21.3.1.4 Certolizumab (Cimzia®, UBC, Inc) [18, 21]

Certolizumab is approved for RA, PsA, AS, CD, PSO, and non-radiographic
axial spondylitis.

It differs from other TNFi in that it contains the Fab fragment which is bound to
polyethylene glycol instead of the Fc fragment. This results in an increased half-
life and less likelihood to cross the placenta.

Case reports and series supported that it may be a successful treatment for uveitis
associated with AS, BD, IBD, PsA, relapsing polychondritis, and psoriasis
vulgaris.

The RAPID-axSpA trial demonstrated a lower rate of uveitis flares for patients
with axial spondyloarthritis treated with certolizumab compared to placebo.
Lloreng et al. (retrospective case series, 14 eyes of 7 patients) showed that 71%
(5/7 patients with chronic-relapsing uveitis who previously failed other TNFi)
achieved quiescence with certolizumab therapy. Significant visual improvement
was noted at 1 month.

Prieto-Pefia et al. reported efficacy and safety of certolizumab to control uveitis
during pregnancy.

Dose: 400 mg SC at weeks 0, 2, 4; then 200 mg every 2 weeks (400 mg every
4 weeks can be considered).

21.3.1.5 Etanercept (Enbrel’, Inmunex Corporation) [7, 23]

A fusion protein of a human Fc molecule and two p75 TNF receptors which
binds free TNF-a and -f.

Etanercept is approved for RA, polyarticular JIA, AS, PsA, and PSO.

It is NOT as effective as other TNF inhibitors to treat ocular inflammatory dis-
eases, including uveitis.

Compared to infliximab and adalimumab, etanercept is more likely to paradoxi-
cally trigger inflammatory disease (e.g., psoriasis, uveitis, or sarcoidosis).
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21.3.2 Lymphocyte Inhibitors and Lympho-Cytotoxic Medications

21.3.2.1 Rituximab (Rituxan’, Genentech, Inc) [11, 25, 26]

— B-cell inhibitor (cytotoxic to B cells).

— Rituximab is approved in the US for RA, granulomatosis with polyangiitis (GPA)
and microscopic polyangiitis (MPA), pemphigus vulgaris, non-Hodgkin’s lym-
phoma, and chronic lymphocytic leukemia (CLL).

— Rituximab can be a potent treatment for scleritis, ocular cicatricial pemphigoid,
orbital inflammatory disease, retinal vasculitis, non-paraneoplastic autoimmune
retinopathy, and recalcitrant uveitis, although randomized controlled trials are
lacking to support these indications.

— Case reports and series demonstrated that it may be effective for the treatment of
birdshot chorioretinopathy, refractory posterior uveitis, diffuse subretinal fibro-
sis, and uveitis associated with JIA, BD, GPA, and essential cryoglobulinemia.

— Most commonly used dose: 1000 mg (2 intravenous infusions at 2 weeks inter-
val), followed by repeated infusions every 6—18 months.

— Upveitis inactivity is typically observed 4—5 months after the first infusion, and
approximately half of the patients may need more infusions due to uveitic flares.

— Lasave et al. suggested an extended dosing regimen of 375 mg/m? intravenous
weekly for 8 consecutive weeks, and thereafter, monthly for 4 consecutive
months for long-term uveitis control.

— Intravitreal rituximab (1 mg/0.1 mL) (+ intravitreal methotrexate) injections may
be effective method to treat vitreoretinal lymphoma.

— To date, there are no reports on the use of Rituxan HYCELA®, a novel subcuta-
neous form, for ocular indications.

21.3.2.2 Abatacept (Orencia’, Bristol-Myers Squibb
Company) [2, 29]

— T-cell inhibitor by blocking accessory molecules involved in antigen
presentation.

— Abatacept is approved for RA, PsA and JIA.

— Uveitis studies, to date, are based on the intravenous route of administration in
children and young adults.

— Case reports showed its promising efficacy to control or improve refractory
JTA-uveitis.

— A sustained response from abatacept for refractory uveitis is uncommon.

— Tappeiner et al. retrospectively studied 21 patients with active refractory JIA-
uveitis. Of 21 patients, uveitis inactivity was achieved in 11 patients (8 of 11 had
recurrent uveitis) and remained active in another 10 patients.

— It offers comparable efficacy in severe JIA-uveitis either as first-line or after
>1 TNFi.

21.3.2.3 Alemtuzumab (Lemtrada’, Genzyme Corporation)
[4, 20, 32]
— A CD52-directed cytolytic antibody; CD52 is present on the surface of mature B
and T lymphocytes, monocytes, and dendritic cells.
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— Alemtuzumab is approved for multiple sclerosis (MS).

— Previously available brand, Campath® (approved for CLL), was withdrawn
in 2012.

— Case reports and series showed its potential benefit in controlling uveitis related
to various underlying conditions such as BD, sympathetic ophthalmia, and MS.

— It may cause secondary autoimmune diseases in 30-50% of treated patients, and
Graves’ disease is the most common. Cases of secondary thyroid orbitopathy
have been reported.

21.3.3 Interleukin (IL) Inhibitors

21.3.3.1 Anakinra (Kineret’, Swedish Orphan Biovitrum AB [Publ])
and Canakinumab (llaris’, Novartis) [5]

— Anakinra is a competitive IL-1 receptor antagonist, and canakinumab is a selec-
tive anti-IL-1p antibody.

— Anakinra is approved for RA and neonatal-onset multisystem inflammatory
disease.

— Canakinumab is approved for systemic JIA and periodic fever syndromes.

— A multicenter retrospective observational study showed that IL-1 inhibitors
(anakinra or canakinumab) were effective to treat BD uveitis. At 12 months, uve-
itis flares significantly decreased from 200 to 49 episodes/100 patients/year, with
significant improvement of retinal vasculitis on fluorescein angiogram.

— Interestingly, the rate of ocular inflammatory flares was significantly higher in
patients co-administered with modifying anti-rheumatic drugs (DMARDs) than
those using IL-1 inhibitor monotherapy (82 vs 0 episodes/100 patients/year).

— Studies on other types of uveitis are limited to a few case reports of rare uveitis
syndromes.

21.3.3.2 Gevokizumab (XOMA 052, XOMA Corporation)

— A selective IL-1 blocker.

— Several clinical trials on noninfectious uveitis including one specifically on
Behcet’s disease were terminated as the primary efficacy endpoint was not met.

— A case series on the treatment of anterior scleritis demonstrated improvement of
scleritis in 7 of 9 patients; however, 2 patients experienced new scleritis in previ-
ously uninvolved quadrants.

21.3.3.3 Tocilizumab (Actemra’, Genentech, Inc) [14, 19, 22, 31]

— An anti-IL-6 receptor monoclonal antibody.

— Tocilizumab is approved for RA, giant cell arteritis (GCA), polyarticular and
systemic JIA, cytokine release syndrome (CRS), and systemic sclerosis-
associated interstitial lung disease (SSc-ILD).

— Several case reports and series showed that it might be effective to treat uveitis
associated with JIA, BD, sarcoidosis, Blau syndrome, and AS, other types of
uveitis, such as BSCR, sympathetic ophthalmia, and idiopathic panuveitis.
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A randomized, controlled, multicenter trial (STOP-Uveitis) of 37 patients shows
that tocilizumab (both 4 and 8 mg/kg IV every 4 weeks) is well tolerated and is
effective to improve vision, decrease vitreous haze and central macular thickness
in noninfectious, intermediate, posterior and panuveitis during 6-month
follow up.

It also has demonstrated efficacy, particularly on uveitic CME.

The multicenter, single-arm, phase 2 trial on tocilizumab for patients (2—18 years
old) with active JIA-associated uveitis was completed with only one-third (7 of
21 patients) responding to treatment. Therefore, the results did not support a
phase 3 trial for JIA uveitis.

A clinical trial, “Tocilizumab for the Treatment of Refractory Behget’s Uveitis”
is recruiting participants.

21.3.3.4 Secukinumab (Cosentyx’, Novartis) [3, 12]

An anti-IL-17A monoclonal antibody.

It is approved for psoriasis, AS, and PsA.

Although it failed to achieve the primary endpoint in 3 randomized clinical trials,
a multicenter, randomized, double-blinded, phase 2 clinical trial of noninfectious
uveitis compared secukinumab 300 mg SC every 2 weeks for 4 doses, 10 mg/kg
IV every 2 weeks for 4 doses, and 30 mg/kg IV every 4 weeks for 2 doses. The
response rates (at 2—4 weeks after last dose) were 33% vs 62% vs 73%, and the
remission rates were 17% vs 39% vs 27%, respectively.

High-dose IV secukinumab may be necessary to achieve therapeutic benefits.
Retrospective data from ankylosing spondylitis trials suggest that secukinumab
might reduce the rate of flares of anterior uveitis.

21.3.3.5 Ustekinumab (Stelara’, Janssen Biotech, Inc)

An anti-IL-12 and -23 monoclonal antibody.

It is approved for psoriasis, CD, and PsA.

A 64-year-old with severe psoriasis, PSA and anterior uveitis, failed adalim-
umab, and was successfully treated with ustekinumab injections with complete
remission of psoriasis and uveitis.

It has also had some efficacy in children with uveitis associated with psoriatic
arthritis.

A clinical trial of ustekinumab for the treatment of active sight-threatening uve-
itis (STAR Study) is underway.

21.3.4 Janus Kinase (JAK) and Tyrosine Kinase (TYK) Inhibitors

21.3.4.1 Tofacitinib (Xeljanz’, Pfizer) [13, 17]

Inhibits JAK 1, 2, and 3 and TYK2.
Tofacitinib is approved for RA, UC, and PsA.
Oral form (5 mg twice daily or extended-release 11 mg daily).
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— A few case reports showed that it may be effective to control refractory HLA-
B27-related and JIA-uveitis, as well as scleritis.

— A phase I/Il randomized trial demonstrated that it may improve signs and symp-
toms of dry eye.

— A clinical trial for inflammatory eye disease (uveitis and scleritis) is underway.

21.3.4.2 Filgotinib (GLPG0634, Galapagos NV/Gilead)

— Selectively inhibits JAK 1.

— Filgotinib was studied for RA, AS, PsA, and IBD.

— Oral form.

— Phase 2 trials showed efficacy in RA (DARWIN 1 (as combination therapy with
methotrexate) and DARWIN 2 trials (as a second-line monotherapy)), AS
(TORTUGA trial), and PsA (EQUATOR trial).

— No reports on treatment for ocular conditions.

— A phase 2 clinical trial evaluating the efficacy and safety of filgotinib in subjects
with active noninfectious uveitis was started but has ceased due to toxicity concerns.

21.3.4.3 Baricitinib (Olumiant’, Eli Lilly and Company) [15]

— A small case series suggested that baricitinib could be effective for the uveitis
associated with JIA.

— Other JAK inhibitors including upacitinib have demonstrated efficacy in other
immune-mediated diseases.

21.3.5 Interferons (IFN) [1, 9]

— IFN-a2a, —a2b, and -Bla have been reported to effectively treat refractory uve-
itic CME, especially in patients with MS and BD; however, uveitic CME fre-
quently recurs after stopping treatment.

— IFN-a has been shown to control intraocular inflammation with sustained effi-
cacy after discontinuing therapy.

— IFNs may induce sarcoidosis with or without uveitis. Depression and flu-like
symptoms are fairly common toxicities.

21.4 Special Consideration

— Some biologics may be designed to be organ specific, thus this may limit efficacy
in other organs.
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21.4.1 Vedolizumab (Entyvio’, Takeda)

— Blocking the oy; integrin resulting in gut-selective anti-inflammatory activity.

— Vedolizumab is approved for adult UC and CD.

— May increase the likelihood of scleritis and uveitis as it is not as effective as TNF
inhibitors for extraintestinal manifestations.

Other biologics such as those that target 1L-23 selectively or those that target
granulocyte-macrophage colony-stimulating factor (GM-CSF) are being actively
studied for other immune-mediated diseases and might ultimately be tested for effi-
cacy in treating uveitis as well. The role of biologics delivered locally inside the eye
either as proteins or via gene therapy is incompletely studied.
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22.1 Introduction

e Sarcoidosis is a multisystem granulomatous disorder of chronic nature that com-
monly involves the lungs and lymph nodes [1], but can also involve other organ
systems. Sarcoidosis derives from the Greek word ‘“sarco,” meaning “flesh”;
“eidos,” meaning “like”; and “osis,” meaning “condition.” [2]

e Sarcoidosis occurs worldwide [3]. It has been reported in all races and ethnic
groups with marked variations. In most series females were affected more than
males. People of all ages can be affected, but it particularly occurs in young
adults 2040 years of age with a second peak in women in the seventh decade.

* Approximately 80% of patients will require treatment, and those who need sys-
temic treatment may continue for another 5 years. Corticosteroids are the main-
stay for treatment but their side effect profile and inability to change the course
of disease has led to its limited uses [4].

22.2 Immunopathogenesis

* Alveolar macrophages play a key part in the pathogenesis of sarcoidosis. Once
they increase, they lead to increase production of TNF which is considered to be
a granuloma promoting factor in Sarcoidosis [5].
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22.3 Management
22.3.1 Glucocorticoids

e Corticosteroids are the mainstay in treatment.

» Corticosteroids act by reducing gene transcription of inflammatory genes, such
as IL-1 and TNF-a, adhesion molecules and receptors, by interaction with pro-
inflammatory transcription factors nuclear factor-kB (NF-kB) [6].

e Starting dose is 0.3-0.6 mg/kg (20—40 mg/day) for 4-6 weeks. If disease param-
eters are stable or improved, then the dose is tapered by 5-10 mg decrements
every 4-8 weeks down to 10-20 mg/day.

e Acute respiratory failure or cardiac, neurologic, ocular or upper airway disease
may need higher doses (80—100 mg/day). Maintenance dose is 10-20 mg for
6—8 months.

22.3.2 Methotrexate

e Immunosuppressive drugs are used in corticosteroids refractory disease or in
those who require high doses of steroids for prolonged periods. Efficacy of
around 40-60% is found in lungs, skin, eyes, and neurological disease [7].

e Methotrexate (MTX) dose administration and monitoring is similar to those in
rheumatoid arthritis. However, MTX-associated liver fibrosis may occur in up
to 10% of sarcoidosis patients, especially those who received long-term
treatment.

* MTX-associated interstitial pneumonitis should be kept in mind in rare cases [8].

22.3.3 Azathioprine

» Azathioprine is used in patients who have failed MTX [9]. Often used along with
combination with glucocorticoids although data is limited.

22.3.4 Leflunomide

e It has been shown equally effective as MTX in ocular and pulmonary disease
when used alone or in combination with methotrexate in some case series [10].

22.3.5 Mycophenolate

*  Mycophenolate does not appear to provide extra benefit in sarcoidosis patients

that are unresponsive to previous corticosteroid-sparing agents. In neurosarcoid-
osis, its role has been studied in very few studies [11].
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22.3.6 Antimalarial Agents

e In cutaneous sarcoidosis, it has a good role [12].

22.3.7 Biological Therapy

Tumor necrosis factor-alpha (TNF-a) plays a pivotal role in the maintenance of
granulomas formation in sarcoidosis and can be a potential therapeutic target.
However, data is limited and results in pulmonary sarcoidosis have been
disappointing.

22.3.7.1 Infliximab

e Infliximab has been used in patients with pulmonary and extrapulmonary sar-
coidosis refractory to corticosteroids in case reports and small case series with
success. It has been studied with good results in active pulmonary sarcoidosis
resistant to corticosteroids [13].

e Infliximab did not demonstrate any significant benefit in lung function. In
24 month follow-up period, the efficacy was not maintained [14]. It has been
seen that peripheral blood CD4 T cell lymphopenia may be more likely to
respond to infliximab [15].

22.3.7.2 Etanercept

e Its efficacy in sarcoidosis is not been proven. On the contrary, there are case
reports in which sarcoidosis developed during etanercept treatment [16]. The
pathogenesis for this is unclear.

22.3.7.3 Adalimumab
e Adalimumab therapy in extrapulmonary sarcoidosis in case reports have shown
some improvement [17].

22.3.7.4 Non Targeted TNF Inhibitors
e The third line drugs Thalidomide, pentoxifylline, and apremilast have disap-
pointing data on efficacy and side effects [18, 19].

22.3.7.5 Cytotoxic T-lymphocyte Associated Blockade

e Abatacept is a fusion protein composed of the Fc region of the [gG1 fused to the
extracellular domain of CTLA-4 that binds to the CD80 and CD86 molecule and
results in T cell downregulation. In sarcoidosis, it can be a useful immunosup-
pressant [20].

22.3.7.6 IL-12/IL-23P40 and Th17 Pathways

e IL-12/IL-23 is a heterodimeric cytokine composed of the IL-12 p40 minor sub-
unit and the IL-23 p19 major subunit. IL-12p40 and IL23 receptor and Th1 and
Th17 pathways have a role in sarcoidosis [21].



240 V. Chaturvedi and M. Gupta

e Ustekinumab was studied recently in patients with chronic pulmonary sarcoid-
osis and/or skin sarcoidosis was found not much effective in patients with sar-
coidosis [22].

22.3.7.7 OtherTherapies

e Cyclophosphamide, chlorambucil, and thalidomide [23] were used in the past.

¢ Rituximab has been used in refractory pulmonary disease with an inconsistent
response [24].

22.3.7.8 Novel Therapeutics

e Recent studies have shown that Targeting p38 MAP kinases may have a potential
role as it plays [25]. p38 MAP kinase inhibitors are BIRB 796 and Semapimodbut
neither has been studied in sarcoidosis [26].

e NLRP3 inflammasome is the most studied inflammasome; they are newly recog-
nized pattern-recognition receptors.

e They are involved in both acute and chronic inflammatory responses in a variety
of inflammatory diseases including sarcoidosis [27].

e The ubiquitin-proteasome system (UPS) regulates many cellular activities and
functions [28, 29]. In sarcoidosis, these can be potential novel therapies [30].

Future: In recent years lots of newer understanding of disease has taken place
and to reduce morbidity and mortality, a need for effective “disease-modifying ther-
apies” is required [31]. Many advances in other autoimmune diseases also offer a
hope that novel therapies will be available in sarcoidosis also.
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23.1 Case Vignette

A 49-year-old male with no co-morbidities and with right-sided orbital myositis
was diagnosed with IgG4-related disease on the basis of clinical picture, serology
imaging, and biopsy. He was started on a combination of prednisolone (0.6 mg/kg/
day) and escalating doses of methotrexate. Tapering the steroid to less than 10 mg
per day after three months of treatment led to arecurrence of symptoms. Prednisolone
was increased to 30 mg per day and methotrexate was switched to azathioprine
(2 mg/kg/day). The patient improved symptomatically and his IgG4 levels came
down to within normal range. However, on reducing the steroid dose and despite
increasing azathioprine, pain and swelling of the eye and proptosis returned. A
repeat MRI of orbits showed an increase in the right orbital myositis, from that of
the beginning of the disease.

Rituximab was administered, two injections of 1 g each, 15 days apart. At
6 months, the patient was better clinically and by way of investigations and pred-
nisolone was tapered to 5 mg per day [1].
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23.2 Introduction

IgG4-Related Disease (IgG4-RD) is a chronic immune-mediated fibro-inflammatory
condition that can affect multiple organs either in a synchronous or metachronous
fashion [2].

It can affect nearly every structure of the body but the most frequently involved
organs are lacrimal and salivary glands, thyroid gland, pancreas, bile ducts, retro-
peritoneum, kidney aorta, meninges, and lymph nodes [3, 4]. It can present as mass
forming lesions which can lead to permanent organ damage and can be fatal if left
untreated [4]. This disease is a great mimicker of many malignant, infectious and
inflammatory conditions [3, 4].

Histopathologically, it is characterized by lymphoplasmacytic infiltrate rich in
IgG4 plasma cells with simultaneous development of storiform fibrosis and pres-
ence of obliterative phlebitis [3]. Patient may often, but not always have elevated
serum IgG4 levels [5].

The goal of treatment is to reduce inflammation and to achieve and maintain
remission so as to prevent organ damage. Glucocorticoids (GCs) remain the main-
stay of treatment. Starting dose of GCs is 0.6 mg/kg/day of prednisolone equiva-
lent which is tapered slowly to maintain remission [6]. In view of the adverse
effects associated with the chronic use of GCs, especially in patients with substan-
tial co-morbidities (e.g., hypertension, diabetes mellitus, osteoporosis), immuno-
modulatory agents like Methotrexate, azathioprine, mycophenolate mofetil,
cyclosporine, cyclophosphamide are used as steroid-sparing agents. However,
definitive evidence showing their steroid-sparing effect in preventing relapses in
long run is limited [7].

Consequently, there is an unmet need for drugs with a better efficacy and safety
profile. A range of different biologic agents have been proposed and subjected to
clinical trials, particularly dedicated to this subset of patients whose disease is inad-
equately controlled by conventional treatment regimes. Rituximab being the most
commonly used targeted therapy for IgG4-RD, several novel biologic agents target-
ing B cells, T cells, or cytokines are constantly being evaluated. It seems that they
may enhance the therapeutic efficacy when combined with standard therapies. This
article reviews the current biological therapies being used and being tested in the
treatment of IgG4-RD.

23.3 Biologics

* These are a new class of disease-modifying agents engineered to target specific
chemicals, cytokines, and immune cells responsible for the disease.

* These are designed to reduce the disease, slow down the disease progression and
improve the quality of life of the patients.

* They are fast-acting as compared to conventional disease-modifying drugs.
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e Although biologics are expensive; but in long run, they are cost-effective because
of major clinical benefits.

e Major infections and infusion reactions are some of the side effects seen with
their use, so proper and periodic monitoring is needed.

23.4 Understanding the Targets of Biological Therapies
in IgG4-RD

e Antigen-driven B and T cells collaboration plays a central role in the pathophysi-
ology of IgG4-RD at various levels.

e Follicular T helper cells (Tgy) secrete IL4, which stimulates the maturation of
naive B cells into IgG4 secreting plasmablasts.

* CD4 cytotoxic T lymphocytes (CTLs) and plasmablasts, express a surface trans-
membrane molecule called SLAMF-7 (signaling lymphocytic activation mole-
cule F7) that has been involved in cell—cell interaction and chronic lymphocytic
activation [7, 8].

* Plasmablasts at inflamed site sustain the activation of CD4 and CD8 cytotoxic T
lymphocytic cells (CTLs) via antigen presentation, SLAMF-7 (signaling lym-
phocytic activation molecule F7) mediated homodimer interaction, and CD80/86
interaction of CD28.

e These cytotoxic T cells secrete cytotoxic and profibrotic molecules like TGF-B,
INF-Y, IL-IB, IL6, etc. and cause tissue damage.

* Plasmablasts produce lyoyl oxidase homolog 2(LOXL2) which leads to fibro-
blasts activation and extracellular matrix deposition.

e Plasmablast also secretes IgG4 and IgG1 antibodies which form immune com-
plexes and thus activate complement pathways and further cause tissue dam-
age [7, 8].

e There has been growing interest in the role of innate immunity in IgG4-RD. Type
2 macrophage, eosinophils, and plasmacytoid dendritic cells are involved in the
pathophysiology of the disease. Although it is much less studied, it seems to be
associated with transiting the disease from inflammatory to fibrotic phase [7].
Several targets have been identified to halt this ongoing disease pathophysiol-
0gy. These include:

e B cell depletion.

e T cell inhibition.

e BandT cell costimulation inhibition.

* Inhibition of complement activation.

* Cytokine blockage.

* Inhibition of extracellular matrix organization.

Table 23.1 shows a concise summery of potential therapeutic agents which are
used in [gG4-RD and their targets.
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Table 23.1 A concise summary of the potential therapeutic agents for IgG4RD

Biological
agent Target Mechanism of action | Evidence/trial Status of trial
Rituximab B cell Anti CD20 + B cell Open-label prospective | Completed
depletion clinical trial of 30
patients
XmADb5871 B cell CD 19 directed B Open-label prospective | Completed
cell inhibition clinical trial of 21
patients
Inebilizumab | B cell CD 19 + B cell Phase ii b, prospective, | Recruiting 160
depletion randomized, blinded patients.
trial Expected to be
completed in
June 2024
Bortezomib | B cells Inhibits autoreactive | Case report
plasma cells by
targeting proteasome
depletion
Abatacept T cells Co stimulation Phase 2, single-center, | Results recently
blockage proof-of-concept submitted
clinical trial
Case report
Elotuzumab |B and T Inhibits SLAMF7 Proof-of-concept trial | Under
cells development
Infliximab Cytokine | TNF a inhibition Case report
Dupilumab Cytokines |IL4 and IL13 Case report
inhibition

23.5 Screening Before Starting Biologics

e Viral markers (HbsAg, Anti HCV, and HIV).
e Screening for latent Tuberculosis (Mantoux, IGRA, X-ray Chest).

23.6 Use of Biological Agents in IgG4 RD

The emergence of biological agents has increased the therapeutic armamentarium
for the treatment of IgG4 RD, especially the severe and refractory cases.

23.6.1 B Cell-Targeted Therapies

23.6.1.1 Rituximab

*  Mechanism of action—It is a Chimeric CD 20 monoclonal antibody which acts
by depleting B cells and hence disrupts B-T cell interaction and antigen presen-
tation to CD4 CTLs and therefore chronic activation of CD4 CTLs [9].

* B cell depletion also reduces tissue fibrosis by decreasing the number of B lym-
phocyte subsets with profibrotic properties thereby reducing the number of infil-
trating activated myofibroblasts [10, 11].
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B cell reduction also decreases serum IgG4 levels, which are generally associ-
ated with striking clinical improvement [8].

23.6.1.2 Dose Protocol

Rituximab was administered either as two 1 gm infusions 15 days apart or in four
weekly doses of 375 mg/m? infusions.

In some cases, a lower dose of rituximab (single 1 gm infusion) was used [12, 13].
The best dose and timing of the administration are yet to be defined.

23.6.1.3 Use of Rituximab in IgG4 RD

Evidence to suggest the role of Rituximab in IgG4-RD was obtained in a study
of 30 patients of the disease. Response was seen in 97% of patients. Seventy-
seven percent of patients achieved remission. Forty percent of patients remained
in complete remission at 1 year although rituximab dose was not repeated on
follow-up [14].

It is usually used in combination with Glucocorticoids but studies have shown it
to be effective even in the absence of GCs [14, 15].

It is commonly administered as a rescue therapy in patients who failed to achieve
sustained remission with the use of GCs or are refractory to GCs therapy. Less
commonly it is also used as induction therapy.

Patients with multiorgan or organ threatening involvement and very high base-
line IgG4 levels may form the subset where upfront Rituximab could be indi-
cated [1].

In a French multicentric nationwide study, 42% of patients with [gG4-RD treated
with rituximab relapsed [16].

In a French multicentric nationwide study, 42% of patients with [gG4-RD treated
with rituximab relapsed [16].

Relapses are common after B cell reconstitution. So, maintenance therapy (i.e.,
before occurrence of relapse) with systematic Rituximab infusion (doses in the
range of 300 mg to 1 gm, at fixed interval, usually every 6 months to 30 months)
prolongs remission and decreases chances of relapse [16, 17].

Rituximab maintenance therapy is even found to be better than combination of
GCs and other immunosuppressants agents used for [gG4 RD [18].

In a retrospective study from India (2020), Rituximab was administered (2—4
doses) in 12 patients who had disease relapse on steroids and immunomodulator
therapy. All 12 patients responded well and achieved disease remission [1].

23.6.1.4 Side Effects

Hypoalbuminemia or serious infections was seen in 33% of cases in a French
nationwide study [16].

Allergic reactions to the drug and reduced response with Rituximab are also
noticed in some studies [13, 19, 20].

Consequently, there is an unmet need for drugs with a better efficacy and safety

profile. Other therapies targeting B cells also appear promising.



248 A.Duaetal.

23.6.2 Other Therapies Targeting B Cells

The apparent success of Rituximab by B cell depletion in IgG4-RD has generated
interest in other agents targeting b cell lineage.

23.6.2.1 XmAb5871

e A phase II trial of XmAb5871, homodimer monoclonal antibodies which inhibit
B cell by binding simultaneously to FcyRIIb and CD 19 is recently completed.
Its preliminary results are promising.

e It can decrease the disease activity by suppressing B cell activation and prolifera-
tion [21, 22].

23.6.2.2 Bortezomib

¢ It inhibits auto-reactive plasma cells by targeting proteasome depletion and has
proven to be successful in the treatment of multiple myeloma.

e A case report shows that it was effective in a patient with recurrent pulmonary
infiltration with IgG4 plasma cells, consistent with [gG-RD [23].

23.6.2.3 Inebilizumab

e It depletes B cells by targeting CD19+ cells.

e A phase II b prospective, randomized trial studying the Efficacy and Safety of
Inebilizumab in IgG4-Related Disease (clinicaltrials.gov:NCT04540497) is
recruiting 160 patients and is expected to be completed in June 2024 [24].

23.6.3 T Cells Targeted Therapy

23.6.3.1 Abatacept

e Itis an anti-cytotoxic T lymphocyte-associated protein 4 (CTLA 4) antibody and
acts by preventing CD28 mediated T cell activation by targeting CD 80 and
CD86 costimulatory molecules on antigen-presenting cells.

e Abatacept was reported to be effective in inducing and maintaining remission in
one anecdotal report of a patient of rituximab resistant Mikulicz’s disease and
autoimmune pancreatitis [20, 21].

e Abatacept is recently being tested in Phase 2, single-center, proof-of-concept
clinical trial [25].

23.6.4 B andT Cells Targeted Therapy
23.6.4.1 Elotuzumab

e It is an immuno-stimulatory monoclonal antibody directed against SLAMF?7, is
approved for the treatment of refractory multiple myeloma.
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e SLAMFT7 is a highly appealing therapeutic target as it is present in both B cells
and CD4 CTLs.

e Depletion of activated cells that express this surface molecule will interfere with
the interaction of CD4 CTLs and Antigen-presenting B cells and thus interfere
with the pathogenesis of IgG4-RD.

e A proof-of-concept trial with Elumtuzumab is under development [8, 21].

23.6.5 Cytokine Inhibitors

Anecdotal case reports are also available on the use of infliximab and dupilimab.

23.6.5.1 Infliximab
e Itis achimeric anti-TNF agent that was successfully used in a patient with orbital
pseudo-tumor refractory to other agents [26].

23.6.5.2 Dupilimab

e Itis a monoclonal anti-interleukin 4 (IL-4) and IL-13 antibody.

e IL-4 causes isotype switching from IgM to IgG4 and IL-13 is implicated in
fibrosis.

e It was successfully used in a patient with [gG4-RD with retroperitoneal fibrosis
[27-29].

23.6.6 Other Possible Cytokine Targets

23.6.6.1 IL6 Inhibitor Tocilizumab

e IgG4RD with multiorgan involvement has raised serum Interleukin 6 levels.

e IL6 inhibitor focilizumab was found to be useful in a patient with Multicentric
Castleman’s disease with pulmonary eosinophilic infiltrate.

¢ It is pathologically difficult to differentiate sometimes between Castleman’s dis-
ease and IgG4RD, especially if there is an eosinophilic infiltrate, which is more
common in [gG4RD.

* Successful use of tocilizumab in this case also indicates that IL6 inhibitors can
be used in [gG4RD. Further studies are still needed to prove this [30, 31].

23.6.6.2 Anakinra and Canakinumab

* Increased levels of soluble Interleukin 1 receptors (IL1R) are seen in IgG4RD
which is responsible for IL1 mediated tissue inflammation.

* So conceptually IL1R antagonists like anakinra and canakinumab may be used
to dampen the IL1 mediated inflammation.

* But as yet studies and case reports are not available to support this theory [32].
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23.6.7 Other Targets

23.6.7.1 Omalizumab

e [t is a biological agent that acts by inhibiting the binding of IgE to the high-
affinity IgE receptor (FCER1) on the surface of mast cells and Eosinophils.

e It may be of use in patients of [gG4 RD with atopic disease or asthma and ele-
vated IgE levels.

* Omalizumab is also tried in some patients with [gG4-related eosinophilic esoph-
agitis by Clayton et al. [33]

23.6.7.2 Eculizumab and Simtuzumab

 Inhibitors of complement activation targeting C5 and C5a (eculizumab), and dis-
rupting extracellular matrix by targeting LOXL2 (Simtuzumab), theoretically are
some other appealing targets to be studied in IgG4-RD [7].

23.7 Conclusion

Conventional treatment (GCs and immunomodulator) of IgG4-RD is associated
with many long-term adverse effects and frequent relapses of this disease. With the
growing understanding of the pathophysiology of the disease, targeted therapies are
needed to achieve the unmet needs of these patients.

The pathogenesis of [gG4-RD involves abnormalities in multiple components of
the immune system including B cells, T cells, and cytokines. Therapeutic agents
targeting these mediators selectively are being tested for the treatment of [gG-RD. The
growing understanding of the pathophysiology of IgG4-RD is leading to the identifi-
cation of promising novel therapeutic targets and a new era of biological treatments.
Some of the agents are already in use (e.g., Rituximab) and others are in clinical tri-
als. Biological therapies hold much promise in IgG4-RD and as we become wiser
about the disease and apply the lessons learned from recent trials, we will be able to
develop more and more useful targeted drugs in future for this disease.
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Biosimilars in Rheumatology 24

Mohit Goyal and Vinod Ravindran

24.1 Introduction

Biologic disease-modifying antirheumatic drugs (bDMARDs) although proven
efficacious, have remained inaccessible for many people in large parts of the
world owing to their high costs. The high cost has been a hindrance to their use
even where conventional synthetic DMARDs (csDMARDs) have failed to suf-
fice. After the expiration of patents of the originator bDMARDs, biosimilars
have arrived as options with substantially lower costs. Cost reductions to the tune
of 30-60% have been estimated with the use of biosimilars in USA, Denmark,
and Norway [1].

Biosimilars by definition are molecules that are similar to the originator
bDMARD taken as reference. They may not be identical to the reference prod-
uct but exhibit a high degree of similarity in efficacy and safety and do not have
any relevant differences with respect to the said parameters [2]. These agents
are rigorously tested to ensure that they have the same primary amino acid
sequence.
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24.2 Biomimics and Biocopies

* Biosimilars differ from biomimics and biocopies in having to adhere to stringent
regulations regarding their production process. The terms biocopies or intended
copies are also used for products that were available in the market before regula-
tions regarding biosimilars were put in place.

e Regulations vary from country to country but ensure a high degree of similarity
before a product is labeled as a biosimilar. Two biocopies of etanercept marketed in
China were found to have higher rates of adverse events, and a biomimic of ritux-
imab marketed in Mexico was recalled after reports of anaphylactic reactions [3].

* Biosimilars available in the market have demonstrated efficacy and safety com-
parable to the originator bDMARDs [4].

* Biosimilars differ from generic drugs in that the latter are chemicals identical to
the reference drug and have to only demonstrate similar pharmacokinetics
in vitro for approval.

24.3 Development of Biosimilars

* For determining biosimilarity the products undergo a rigorous analysis of their
pharmacokinetics and pharmacodynamics followed by assessment of the clinical
data so as to demonstrate equivalent quality, biological activity, efficacy, and
safety and to have no clinically significant difference when compared to the ref-
erence product [5].

* Biotherapeutic agents are proteins produced in living cells and are thus generally
not identical to the reference product. However, biosimilars bear the same pri-
mary amino acid sequence and are usually produced in similar cell lines.

» Differences in secondary, tertiary, and quaternary structure as well as glycosylation
and post-translational changes due to choices of host are permissible if it could be
demonstrated that they do not cause significantly raised immunogenicity.

e Impurities that might creep in during the manufacturing process may however
cause increased immunogenicity. Improved assays for detection of anti-drug
antibodies have higher sensitivity and have led to reporting of a higher incidence
of immunogenicity in more recent studies with biosimilars as well as originator
bDMARD:s [6].

* The process of producing a biosimilar drug starts with studying the amino acid
sequence of the reference biologic agent and reverse-engineering the DNA
sequence. The various factors that may lead to differences from the reference
product are the choice of host cells and methods used for purification and stabi-
lization of the product.

* Intentional as well as unintentional changes do occur in originator biologic prod-
ucts as well as biosimilars over a period of time.

e Certain changes are made by manufacturers; however, other unintentional
changes may occur with changes in production processes and still others are
attributable to drift and evolution.

e Even with drift and evolution, these products have shown continued efficacy
and safety.
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24.4 Evaluation of Proposed Biosimilars

* Equivalence approach for study designs to evaluate the efficacy and safety of
biosimilars has been used in most countries. The approach focuses not on the
proposed biosimilar being identical to the reference product but on it being
within a predetermined range of the reference product.

e Meta-analyses of multiple placebo-controlled trials of the originator molecule
may serve as a reference for determining the range for equivalence in studies
designed to evaluate a potential biosimilar.

* A non-inferiority approach for comparing proposed biosimilars with reference
products has been mentioned in the guideline on the evaluation of biosimilars by
the World Health Organisation (WHO) [2].

e Compared to the equivalence approach, in the non-inferiority approach, the bio-
similar product may even be superior to the reference product. The fault-line
though lies in that a proposed biosimilar evaluated through a non-inferiority trial
may be superior to the reference product in efficacy but at the same time be more
toxic and thus end up being only a “bio-better”” and not biosimilar.

24.5 Regulations for Biosimilars

* Regulations have been put in place by the European Medicines Agency (EMA),
the US Food and Drug Administration (FDA), and similar authorities in various
countries. The International Committee on Harmonisation (ICH) guidance for
permissible variations in biological products has been extended to biosimilars [7].

e The regulatory process starts with a thorough structural and functional pre-
clinical analysis of the proposed biosimilar. The product is then subjected to
clinical assessment of its pharmacokinetic and pharmacodynamic properties.

e The US FDA mandates at least one clinical trial comparing the proposed bio-
similar to the reference product in patients with the disease and demonstrating
equivalent efficacy, adverse effect profile, and immunogenicity.

* Like the reference products, biosimilars also exhibit immunogenicity and regula-
tions demand measurement of both binding as well as neutralizing anti-drug
antibodies (ADADbs). The measure of immunogenicity is of utmost importance as
high anti-drug antibodies lead to lower trough levels of the drug and reduced
efficacy.

* Regulations in certain countries for certain biosimilars may also require studies
involving switching from the originator bDMARD to the proposed biosimilar
and measurement of consequent change if any in the immunogenicity.

e The current evidence suggests that antibodies to the reference drug cross-react
with its biosimilars and thus switching to a biosimilar when a patient develops
antibodies to the reference product is not advocated.

* The regulatory pathway outlined by the EMA requires a thorough in-vitro analy-
sis of the proposed biosimilar’s structure and function. In-vivo studies may not
be necessary if there are no post-translational changes noted in the molecule.

e The EMA in 2013 allowed the use of CT-P13, biosimilar infliximab for all the
indications of the reference product.
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e In USA, biosimilars are named with the common non-proprietary name followed
by a 4-letter suffix. CT-P13 or Infliximab-dyyb marketed by the proprietary
name Inflectra was the first biosimilar used in rheumatology to be approved by
the US FDA in 2016.

24.6 Switching, Substitution, Interchangeability,
and Extrapolation

» Switching implies changing from one product to another by the treating doctor
on account of loss of efficacy or side effects.

e Substitution on the other hand is done for non-medical reasons by somebody
other than the prescribing doctor, for example by the pharmacist or by the payer
and is in most cases governed by the cost.

» Studies have demonstrated that switching from an originator biologic molecule
to its biosimilar is safe and there is no loss of efficacy.

* Decision to change to a biosimilar from the reference product may be taken by
the doctor in view of cost.

* A reference product and its biosimilar are designated “interchangeable” when it
has been established through data that switching between the two does not result
in loss of efficacy or safety and these two parameters for the biosimilar are no
different from when the reference product is used continuously without a switch.

» Extrapolation refers to extending the indications of biosimilars to other indica-
tions of the reference biologic agent (apart from that for which the biosimilar
was studied).

e PLANETAS and PLANETRA studies demonstrated the similarity of Infliximab-
dyyb to the reference product in patients with Ankylosing Spondylitis (AS) and
Rheumatoid Arthritis (RA), respectively [8, 9]. There was an initial uneasiness
about the extension of the indications of this biosimilar to Inflammatory Bowel
Disease (IBD). NOR-SWITCH and some post-marketing studies however pro-
vided reassuring data regarding the use of this biosimilar in Crohn’s disease [10].

* Most biosimilars have not been studied in childhood rheumatic conditions but
have been used by extrapolation.

24.7 Clinical Experience with Biosimilars

While the Asian countries were quicker to embrace the biosimilars, with time, bio-
similars of infliximab, etanercept, adalimumab as well as rituximab have been
approved by the US FDA and the EMA.

24.7.1 Biosimilars of Infliximab

¢ PLANETRA and PLANETAS were landmark studies for evaluation of the inflix-
imab biosimilar, CT-P13, which led to its approval later for treatment of RA and AS.

e PLANETAS found comparable ASAS20 and ASAS40 responses to the biosimi-
lar and the reference product at 14, 30, and 54 weeks.
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e PLANETRA, where the originator and biosimilar infliximab were used in com-
bination with methotrexate, found similar ACR20, ACR50, and ACR70 responses
in both groups and also similar safety profiles.

e Extrapolation of indications of CT-P13 was allowed in many countries to include
psoriasis, psoriatic arthritis (PsA) and IBD. The extrapolation to IBD was not
allowed in Canada on account of certain differences from the originator molecule
in structure and antibody-dependant cell-mediated cytotoxicity (ADCC) assays.

* Monoclonal antibodies have a functionally active Fc region, that induces ADCC,
which seems to play an important role in their efficacy in IBD. Support for the
same comes from the inefficacy of etanercept and certolizumab, which lack the
power to induce ADCC, in IBD.

* Studies conducted later though have shown the efficacy of CT-P13 in IBD [8-10].

e A double-blind, active comparator trial found an infliximab biosimilar, BOWO015
to be equivalent to the originator product in patients with rheumatoid arthritis,
which led to its approval in India. Its usage in the country has been extended to
other indications of the originator molecule [11].

24.7.2 Biosimilars of Etanercept

* HERA, a South Korean study that compared HD203, an etanercept biosimilar with
the originator molecule in patients with rheumatoid arthritis found the proposed
biosimilar to be equivalent [12]. Here, researchers allocated 294 patients in a 1:1
proportion to be administered the reference drug or HD203. The primary endpoint
of ACR20 response at 12 weeks as well as the secondary endpoints were met. There
were no significant differences in the adverse event rates and the discontinuation
rates, and both the reference product and HD203 exhibited low immunogenicity.

e Researchers from India shared their data on the use of two etanercept biosimilars
in patients with spondyloarthritis and found both to be effective and safe [4].

24.7.3 Biosimilars of Adalimumab and Rituximab

e ZRC-3197, a biosimilar adalimumab used in India for RA, AS, and PsA is said
to be identical to the originator molecule in terms of efficacy, adverse effect pro-
file, purity, and immunogenicity [13]. It was later also approved for use in ulcer-
ative colitis and Crohn’s disease.

e Researchers from India have reported biosimilars of rituximab to be effective in
patients with seropositive [14] as well as seronegative [15] RA.

24.8 Biosimilarsin Other Fields

e The use of biosimilars in oncology started much before than in rheumatology in
Europe. The availability of equivalent yet more cost-effective therapeutic agents
enhanced reach and thus transformed cancer care [16].

e Availability of rituximab biosimilars at much lesser costs has been helpful toward
improving oncology care in India.
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A representative list of originator bDMARDs, date of expiration of their patents,
and available biosimilars is given in Table 24.1.

Table 24.1 Originator biologic disease-modifying anti-rheumatic drugs and their currently
approved biosimilars (as of March 2021)

Originator drug | Patent expired/expiring (Country) Biosimilars in use (Country) (Since)

Remicade February 2015 (Europe) Infimab (India) (September 2014)
(infliximab) September 2018 (US) Inflectra (Europe) (September 2013)
Remsima (Europe) (September 2013)
Flixabi (Europe) (May 2016)
Zessly (Europe) (May 2018)
Inflectra (USA) (April 2016)
Renflexis (USA) (April 2017)

Ixifi (USA) (December 2017)
Avsola (USA) (December 2019)
Enbrel August 2015 (Europe) Etacept (India) (April 2013)
(etanercept) November 2028 (USA) Intacept (India) (March 2015)
Benepali (Europe) (January 2016)
Erelzi (Europe) (June 2017)
Nepexto (Europe) (May 2020)
Erelzi (USA) (August 2016)
Eticovo (USA) (April 2019)
Humira October 2018 (Europe) Exemptia (India) (December 2014)
(adalimumab) January 2023 (USA) AdaliRel (India) (January 2016)
Solymbic (Europe) (March 2017)
Amgevita (Europe) (March 2017)
Imraldi (Europe) (August 2017)
Mabura (India) (January 2018)
Halimatoz (Europe) (July 2018)
Hefiya (Europe) (July 2018)
Hyrimoz (Europe) (July 2018)
Hulio (Europe) (September 2018)
Idacio (Europe) (April 2019)
Amsparity (Europe) (February 2020)
Yuflyma (Europe) (February 2021)
Amjevita (USA) (September 2016)
Cyltezo (USA) (August 2017)
Hyrimoz (USA) (October 2018)
Hadlima (USA) (July 2019)
Abrilada (USA) (November 2019)
Hulio (USA) (July 2020)
MabThera November 2013 (Europe) Reditux (India) (April 2007)
(rituximab) September 2016 (USA) MabTas (India) (February 2013)
Maball (India) (February 2015)
RituxiRel (India) (February 2015)
Truxima (Europe) (February 2017)
Rixathon (Europe) (June 2017)
Riximyo (Europe) (June 2017)
Blitzima (Europe) (July 2017)
Ritemvia (Europe) (July 2017)
Ruxience (Europe) (April 2020)
Truxima (USA) (November 2018)
Ruxience (USA) (July 2019)
Riabni (USA) (December 2020)
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24,9 Challenges

* Switching and extrapolation of indications still remain challenges in the field
of biosimilars. Drift and evolution do occur continuously, but the product
does not require additional testing until the variations are within prespeci-
fied limits.

* Due to the enhanced availability of biosimilars and continually declining costs,
multiple switching is imminent in future and that mandates a better understand-
ing of the process.

e Shared experiences have not found any major safety risks with switching but the
lack of large studies involving multiple switching and consequent lack of guide-
lines for the same do pose a significant challenge to our understanding and pre-
dictability of response in such clinical settings.

* Head-to-head studies are not possible for all indications of any molecule but the
use of correct molecular processes in the development of biosimilars can help
predict its efficacy in all indications of the reference product.

* The regulations pertaining to extrapolation vary between countries.

* The EMA looks at biosimilars on a case-to-case basis and allows extrapolation
after looking at the totality of evidence.

* The US FDA looks at the scientific justification and the totality of evidence.

e CT-P13 when marketed had the same US FDA and EMA label as the reference
product, whereas Canada which has more stringent regulations even for minor
variations did not initially approve its use for IBD owing to structural and func-
tional differences with reference product.

* Studies have found that ADAbs are more frequent in individuals with RA than
those with AS. Theoretically, this could be a potential reason to not extrapolate
the use of a biosimilar (studied for AS) to RA even when the originator product
is licensed for RA.

e But a majority of these factors are hypothetical and robust registries and post-
marketing data collection should help dispel the fears if any.

24.10 Summary

* Biosimilars are molecules produced in confirmation with stringent regulatory
processes such that they are equivalent in efficacy, safety, and purity to the refer-
ence product.

» With proper regulations in place, a high degree of similarity with the reference
products can be ascertained before a proposed biosimilar is licensed for use.

* Biosimilars have enhanced the reach and use of biotherapeutic agents by sub-
stantially lowering the cost of therapy. These agents are beginning to be embraced
by markets and healthcare regulators across the world.

* With more experience likely to be gained from post-marketing data, extrapola-
tion would be done with higher confidence, which would further enhance the
switching from an originator to a biosimilar.
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Off-Label Use of Biologics 2 5
in Rheumatological Disorders

Sumantro Mondal and Alakendu Ghosh

25.1 Introduction

Biologic drugs are produced from human, animal, or living organisms. Currently,
biologics are widely used to treat different diseases. In rheumatic diseases, licensed
use of biologic started more than 20 years back for the treatment of Rheumatoid
arthritis (RA). European medicines agency (EMA) and the United States food and
drug administration (USFDA) are the regulatory agencies for the approval of
b-DMARD:s in the European Union and the US, respectively. Off-label indication
means using a drug to treat a disease or certain manifestation of a disease for which
that particular drug is not officially approved. At present, biologics are approved for
use in RA, Ankylosing spondylitis (AS), Psoriatic arthritis (PSA), anti-neutrophilic
cytoplasmic antibody (ANCA) associated vasculitis, giant cell arteritis (GCA), etc.
Interestingly, biologics are also used as an off-label drug to treat various other rheu-
matic diseases, and these off-label uses of biologics will be reviewed in this chapter.

25.2 Commonly Used Biological DMARDs
in Rheumatic Diseases

Most of the b-DAMRDs target various pro-inflammatory cytokines. b-DMARDs
targeting, IL-6 (Tocilizumab), Rituximab (anti-CD 20 monoclonal antibody), Anti-
tumor necrosis factor-a (TNF-o) agents, anti-IL-1 agents (Anakinra, Rilonacept,
Canakinumab), anti-IL-17A (secukinumab, ixekizumab), or anti-IL-17 receptor
(brodalumab) are commonly used for the management of various rheumatic
diseases.
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25.2.1 Tocilizumab

e Tocilizumab is a humanized monoclonal antibody, which targets both membrane-
bound and soluble IL-6 receptor alpha subunit, thereby preventing the binding of
IL-6 with its receptor with subsequent inhibition of downstream signalling of
IL-6 [1].

e It is approved for use in RA (moderate to severe) and also in systemic-onset and
polyarticular Juvenile Idiopathic Arthritis (JIA).

In 2017 it was approved in both US and EU for the treatment of Giant cell arte-
ritis, the first b-DMARD to get approval for this large vessel vasculitis (LVV). In
addition to the approved indications, Tocilizumab has shown promising results in
some other rheumatic conditions.

25.2.1.1 Takayasu Arteritis (TA)

e TAisanLVV that classically affects the aorta and its major branches and is asso-
ciated with significant morbidity. The beneficial role of Tocilizumab, especially
in the refractory cases of TA, has been documented in some recent studies [2, 3].

e Apart from symptomatic improvement in TA patients, Tocilizumab therapy can
reduce the mean prednisolone dose, ESR value, and Indian Takayasu Arteritis
Activity Score (ITAS2010). In some of the patients, there was an improvement
of disease status as evaluated by MRI.

» Tocilizumab is more efficacious and has a better safety profile in comparison to
the Cyclophosphamide. Few case reports and small case series showed the effi-
cacy and safety of Tocilizumab in pediatric patient with TA as well [4].

e The recently published French TOCITAKA trial concluded that Tocilizamab
may be an effective steroid-sparing agent in TA [5]. According to the 2018
EULAR recommendation for the management of LVV, Tocilizumab may be used
in relapsing and refractory TA.

25.2.1.2 Adult-Onset Still Disease (AOSD)

e Though any prospective study is still lacking, case reports and series have shown
a promising role of Tocilizumab in this disease. Tocilizumab can improve clini-
cal features and reduction in acute phase reactants in AOSD [6].

e Tocilizumab may be more effective for the management of the chronic articular
symptoms of AOSD. Importantly, it has been shown that Tocilizumab increases
the probability of corticosteroid withdrawal in patients with AOSD [7].

e Tocilizumab is currently used as an off-label drug in steroid-refractory AOSD
patients and is a promising drug for the management of conventional treatment-
resistant AOSD.

25.2.1.3 Systemic Sclerosis (SSc)
It has been found that serum level of IL 6 correlates with the disease activity and
internal organ involvement in SSc.
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In phase 2, randomized, placebo-controlled trial (faSScinate), the efficacy and
safety of subcutaneous Tocilizumab were assessed in SSc patients. There was
some evidence of less reduction of forced vital capacity (FVC) in the Tocilizumab
group; however, reduction in the skin thickening did not show statistical
significance.

In the open-label extension of the same trial, improvement in the skin score and
FVC stabilization were maintained. Improvements of both these parameters
were also observed among placebo-treated patients who were shifted to the
Tocilizumab group in the open-label extension phase [8, 9]. Subsequently, one
multicenter, phase 3 trial with subcutaneous tocilizumab 162 mg/week for
48 weeks failed to meet the primary endpoint of improvement of the skin fibro-
sis; however, it may have some role in preserving the lung function in early SSC
[10]. So, it is evident that Tocilizumab may have some role in preventing pulmo-
nary fibrosis in SSC, but not on skin fibrosis. Further studies are required to come
to a definite conclusion regarding the utility of Tocilizumab in SSc.

25.2.1.4 Behcet’s Disease (BD)

BD is a multi-organ disease, predominantly affecting skin, mucous membrane,
vascular system, eye, and nervous system. Uveitis is commonly seen in BD.

In a small study, Tocilizumab was used in 11 patients with BD-associated uveitis.
There was an improvement in visual acuity, retinal vasculitis, and vitritis in
Tocilizumab-treated patients along with a reduction of the number of blood cells
in the anterior chamber of the eye. Reduction of steroid dose was also
observed [11].

A recent systematic literature review concluded that Tocilizumab could be an

alternative treatment option for the refractory ocular, neuro, and vascular symptoms
of BD, and also for secondary amyloidosis [12].

25.2.1.5 Polymyalgia Rheumatica (PMR)

It is a disease of the elderly, characterized by pain and stiffness, especially of
shoulder and hip girdles. This condition shows good response to corticosteroid,
but adverse effects of steroids is a major concern. Sometimes the disease may be
recurring.

Currently, Tocilizumab is used as a second-line treatment for PMR. A recently
published, prospective, open-label study with twenty new-onset PMR patients,
Tocilizumab was used as first-line therapy. Results showed good efficacy and
steroid-sparing action of Tocilizumab in PMR, indicating a promising role of
Tocilizumab in this disease [13]. The large GIACTA trial with 250 patients with
GCA received either TCZ weekly or every other week.

The result showed that TCZ improved clinical outcomes in patients who pre-
sented with PMR or cranial symptoms only or both, and another trial showed
quick improvement of the inflammatory markers with Tocilizumab in early PMR
[14, 15].
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25.2.2 Rituximab

Rituximab is a chimeric (murine/human) monoclonal antibody of the IgG1 kappa
subclass which is directed against the CD20 antigen expressed on the surface of
pre-B cells and mature B cells. After binding with the CD 20, expressed on the cell
surface, Rituximab induces apoptosis of these cells and depletion of peripheral B
cell pool. It is approved by EMA for the treatment of adult RA patients who are
intolerant to or inadequate responders to other DMARDs or anti-TNF therapy. It is
also approved for ANCA-associated small-vessel vasculitis. This drug, though not
approved, is still frequently used in some of the other rheumatic diseases.

25.2.2.1 Systemic Lupus Erythematosus (SLE)

e SLE is a multisystem autoimmune disease characterized by distinct clinical fea-
tures and the presence of certain subsets of autoantibodies. The level of anti-ds-
DNA antibody, one of the most specific autoantibodies of SLE, positively
correlates with the disease activity of SLE.

¢ In the earlier trials (EXPLORER and LUNAR), Rituximab failed to meet the
primary endpoints in SLE. In the EXPLORER trial with 257 SLE patients who
had moderate to severe active extra-renal features, Rituximab did not show any
difference compared to the placebo, however, a beneficial effect of rituximab
was noted among the African American and Hispanic subgroups [16].

e In contrast to the EXPLORER trial, LUNAR was conducted to find the efficacy
of Rituximab in class III/IV renal histology SLE patients but failed to achieve the
primary outcome. The positive findings of this study were greater reductions in
anti-dsDNA and C3/C4 levels and more responders in the Rituximab group [17].
In contrast to these trials, the beneficial role of Rituximab in SLE has been docu-
mented by other studies.

¢ In a retrospective, longitudinal study of lupus patients who were non-responders
to standard therapy (LESIMAB), Rituximab therapy achieved response in 62.9%
of patients at 6 months. This study highlighted the efficacy of Rituximab in
refractory and life-threatening SLE [18].

e The efficacy of Rituximab in patients with active SLE, SLE with active nephritis,
SLE with autoimmune cytopenia, biopsy-proven SLE nephropathy, and mild to
moderately active SLE has been supported by various studies [19].

e In the study by Condon MB, et al. where 50 consecutive SLE nephritis patients
were treated with two doses of rituximab (1 g) and methylprednisolone (500 mg)
on days 1 and 15, and Mycophenolate mofetil as maintenance treatment, com-
plete or partial remission was observed in 90% of patients. Among the 45
responders, only two required steroids for more than 2 weeks. In contrast to the
EXPLORER and LUNAR trials, this study showed both the efficacy and steroid-
sparing effect of Rituximab in SLE nephritis [20].

e It has been found that earlier initiation of Rituximab in SLE patients has good
efficacy and steroid-sparing capacity. Long-term follow-up (up to 7 years) study
by Gracia-Tello B et al. also supports this notion [21].
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Rituximab is currently not licensed for use in SLE, but it is used as an off-label
drug in severe SLE nephritis and autoimmune cytopenia in SLE. Sequential ther-
apy of Rituximab followed by Belimumab (BLyS inhibitor) is theoretically more
attractive in the management of SLE.

25.2.2.2 Systemic Sclerosis (SSc)

The role of the B cells in the pathogenesis of SSc has already been established,
so B cell-targeted therapy may be effective in this multisystem disease. Some of
the retrospective analyses, case reports, and uncontrolled trials have demon-
strated the beneficial effect of Rituximab, especially for skin, lung, and articular
involvement [22].

A recently published open-label, randomized controlled trial from India showed
the efficacy and safety of Rituximab as a primary treatment modality for the skin
and lung manifestation (ILD) of SSc. In this comparative study between
Rituximab and intravenous Cyclophosphamide, improvement in the forced vital
capacity (FVC) was observed in the Rituximab group at 6 months, whereas FVC
declined in the Cyclophosphamide group. There was a better improvement of the
modified Rodnan skin score with Rituximab [23].

Improvement in the FVC is a very promising finding of this study as lung involve-
ment is one of the important causes of both morbidity and mortality in SSc
patients. Further RCTs are required in this aspect, especially regarding the long-
term outcome of Rituximab in lung manifestation of SSc before getting its
approval.

25.2.2.3 Sjogren Syndrome (SS)

SS is another autoimmune disease where B cells play an important role in
pathogenesis.

Currently, Rituximab is used for the extra glandular manifestations of SS, includ-
ing vasculitis, nervous system manifestations, etc.

An earlier trial showed that Rituximab could reduce fatigue in patients with
SS [24]. This finding is, however, not supported by a recent multicenter, ran-
domized, double-blind, placebo-controlled trial in which Rituximab failed to
show any benefit in relieving fatigue and pain in SS patients. The unstimu-
lated salivary flow rate was increased in the Rituximab group compared to the
placebo, but it was not translated clinically to the improvement of oral dry-
ness [25].

It is important to note that the efficacy of Rituximab in SS-associated ILD was
not assessed in this study, which may be as high as 78% among newly diagnosed
SS patients [26].

One retrospective study documented the efficacy of Rituximab in the improve-
ment of pulmonary function in SS patients. Contrary to the findings of Bowman
SJ et al. this study also showed that Rituximab therapy could cause a symptom-
atic improvement of dryness and fatigue in SS [27].
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25.2.2.4 Idiopathic Inflammatory Myositis (I1M)

e IIM is a cluster of multisystem diseases predominantly characterized by the
weakness of the proximal muscles. Myositis-specific or myositis-associated
autoantibodies are seen in a large number of patients of IIM, suggesting a patho-
genic role of B cells in this disease.

e Corticosteroids and second-line immunosuppressants like, Methotrexate,
Azathioprine is currently used for the treatment of IIM.

* Considering the role of B cells in the pathogenesis of IIM, Rituximab is used as
an off-label drug in this condition. In one RCT, where Rituximab was used in
refractory IIM, including both adult and juvenile populations, improvement was
seen in 83% of patients [28].

e In addition to the improvement of muscular symptoms, Rituximab may also be
effective in the treatment of refractory ILD associated with anti-synthatase syn-
drome [29].

* Based on these observations, currently off-label use of Rituximab in IIM is
restricted to refractory muscle, lung, or skin disease of Dermatomyositis.

25.2.3 Anti-TNF o Agents

TNF-a plays an important role in the pathogenesis of multiple theumatic diseases,
including RA and SpA. It also modulates the production of other cytokines during
the process of inflammation, acting as a master regulator of the inflammatory pro-
cess. Consequently, b-DMARDs targeting TNF-a were started almost three decades
back for the treatment of RA, and Etanercept was the first b-DMARD that got
approval for the treatment of RA. Anti-TNF-« agents are currently licensed for use
in RA, AS, and Psoriatic arthritis. These drugs (except Infliximab) are approved by
the EMA for the management of non-radiographic axial SpA, but not by USFDA,
until March 2019, when Certolizumab pegol got USFDA approval for this condi-
tion. Anti-TNF agents are also used as an off-label drug in certain other rheumatic
diseases.

25.2.3.1 Sarcoidosis

A chronic granulomatous disease with multisystem involvement. TNF-« is consid-
ered to play a role in the formation of sarcoid granuloma, justifying their off-label
use in this disease. Interestingly, not all anti-TNF drugs showed efficacy in
Sarcoidosis.

* Golimumab and Etanercept did not show any better efficacy than placebo,
whereas Infliximab and Adalimumab were effective. Infliximab has a beneficial
role in pulmonary Sarcoidosis, and it can increase FVC in patients with
Sarcoidosis; however, improvement can be observed after 6 weeks. Improvement
in chest imaging can also be observed after 6 weeks. A better response is seen in
patients with elevated C reactive protein and who are on <20 mg of prednisone
at the time of initiation of Infliximab [30, 31].
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Adalimumab can also improve FVC in Sarcoidosis, and both of these drugs can
improve quality of life and symptom severity in patients. It is also reported that
Infliximab may be effective for Sarcoidosis of other locations like ocular, hepatic,
nervous system, etc. [32].

At present, Infliximab is used as an off-label drug in the management of refrac-
tory pulmonary Sarcoidosis not responding to steroid and second-line drugs.

25.2.3.2 Uveitis in Rheumatic Diseases

Uveitis is commonly associated with SpA, JIA (oligoarticular and enthesitis-
related arthritis), Behcet’s disease, Sarcoidosis. Recurrent uveitis can cause vary-
ing degrees of visual impairment, so timely intervention is very much necessary.
Studies in animals and humans support the role of TNF-« in the pathogenesis of
uveitis.

Adalimumab is already approved by USFDA for non-infectious uveitis.
Infliximab also showed its efficacy in the treatment of uveitis associated with
Ankylosing spondylitis and JIA.

Golimumab showed a favorable result in the management of refractory uveitis
associated with SpA.

The efficacy outcome with Etanercept is somewhat different with a high recur-
rence rate, and even new-onset uveitis in Etanercept treated patients has been
reported [33].

Infliximab is also useful in refractory posterior uveitis of Behcet’s disease, and
complete response was noted in 68% of patients in one study. Infliximab can also
improve visual acuity in this group of patients [34]. The efficacy and safety of
Infliximab for 10 years in refractory uveitis of BD have also been documented
[35]. Based on these observations, Infliximab is used as an off-label drug in the
management of refractory uveitis associated with certain rheumatic diseases.

25.2.3.3 Behcet’s Disease (BD)

In addition to the management of refractory uveitis, anti-TNF agents also seem
to be effective in extraocular features of this variable vessel vasculitis. Few case
series and case reports have demonstrated the efficacy of Infliximab in control-
ling gastrointestinal, central nervous system, and vascular manifestations of BD.
In Methotrexate and steroid-resistant neuro BD, Infliximab therapy can cause
both symptomatic and improvement and regression of parenchymal lesions [36].

25.2.3.4 Kawasaki Disease (KD)

KD is a childhood-onset, medium vessel vasculitis. The most dreaded complica-
tion of KD is coronary artery aneurism (CAA) which can develop in 15-25% of
patients without treatment.

TNF-a again is implicated in the pathogenesis of KD and Infliximab has been
used in various studies to find out its efficacy in this disease. Results of these
studies are most promising, and one recent trial showed that Infliximab treatment
could reduce the incidence of significant CAA, even in IVIG-resistant KD
patients. Previously one large RCT showed that the addition of Infliximab as a
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primary treatment of KD could reduce fever duration and the Z score of the left
anterior descending coronary artery.

e Infliximab can achieve a significantly more defervescence rate than IV polyeth-
ylene glycol-treated human immunoglobulin in IVIG-resistant KD [37-39].
Based on these observations, Infliximab is used as an off-label drug in patients
with refractory KD.

25.2.4 AntilL-1 Agents

e Anakinra, an anti-IL. 1 b-DMARD was initially approved for the treatment of
RA. Based on the important role of IL 1 in the pathogenesis of various autoin-
flammatory diseases and the success of IL 1 targeted therapy in these diseases,
EMA approved this drug for the management of the cryopyrin-associated peri-
odic syndromes (CAPS) and AOSD.

e Canakinumab, another anti-IL 1 agent is approved for the CAPS, systemic-onset
JIA, and acute gouty arthritis. The off-label uses of these drugs are much more
than its approved indications.

e A retrospective analysis from Italy showed that off-label use of Anakinra and
Canakinumab is as high as 86% and 56%, respectively. Anti-IL 1 agents, were
used as an off-label drug in patients with BD, Chronic Recurrent Multifocal
Osteomyelitis (CRMO), Familial Mediterranean Fever (FMF), and Tumor
Necrosis Factor Receptor-Associated Periodic Syndrome (TRAPS) [40].

e One recently published open-label study showed partial efficacy of Anakinra in
the treatment of resistant oral and genital ulcers in patients with BD [41]. In a
single-center study from Turkey with 36 FMF patients, Anakinra showed its
effectiveness in those who were inadequate responders to colchicine, and in
FMF-associated amyloidosis [42]. Similarly, in addition to its licensed indica-
tions, Canakinumab may be useful in FMF and TRAPS [43, 44]. Anti-IL 1 agents
are particularly useful for the primary treatment-resistant autoinflammatory
syndromes.

25.2.5 AntilL-17 Agents

Secukinumab, an IL-17A neutralizing antibody, is already approved for the man-
agement of AS, PsA. It is used as an off-label drug in patients with SAPHO syn-
drome to improve the skin lesion and osteitis seen in this disease [45].

25.3 Conclusion

It is evident from the above discussion is that the b-DMARDs are used as an off-
label drug in numerous rheumatic diseases, and the numbers of these off-label uses
are not less than their licensed indications. Adequate numbers of RCT s lack in this
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context, and the off-label uses of b-DMARDs are mostly based on the positive
results of uncontrolled trials or case series. It is expected that the licensed indica-

tions of b-DMARDs will expand in the future (Table 25.1).

Table 25.1 Approved and off-label indications of different b-DMARDs

Name of
b-DMARD Approved indications (by EMA or USFDA) Oft-label indications
Tocilizumab * Adults with moderate to severe active * Refractory TA
RA not responding to cs-DMARDs or TNF * AOSD
blockers. * SSc
 Children with active SOJIA and pJIA not * BD (for ocular disease)
responding to conventional therapy. * PMR (second line
* Refractory GCA treatment option)
Rituximab e Adults with moderate to severe active e Refractory SLE nephritis
RA not responding to cs-DMARDs or TNF and autoimmune cytopenia
blockers. (with methotrexate) in SLE
* In severe, active GPA and MPA (for e SSc (for skin and ILD),
remission induction and follow-up  Sjogren syndrome (ILD,
treatment) and probably for fatigue/
dryness).
e IIM (refractory myositis,
skin disease and ILD of
ASS)
Anti-TNF * Active RA,  Refractory pulmonary
agents * Severe, active AS and PSA (inadequate sarcoidosis (IFN and
responders to conventional therapy), ADA),
* Non-radiographic axial SpA, » Uveitis associated with
rheumatic diseases (IFN,
ADA, GOL),
¢ BD (resistant ocular,
CNS, and GI symptoms),
e Ivlg refractory KD
Anti IL-1 * RA (not responding to methotrexate), e BD (refractory skin and
agents * CAPS genital lesions),
* Still’s disease * FMF
* TRAPS
* CRMO
Anti IL-17 * AS * SAPHO syndrome
agents * PsA
¢ Active Non-Radiographic Axial
Spondyloarthritis

Abbreviations: b-DMARD biological disease-modifying anti-rheumatic drug, RA Rheumatoid
arthritis, cs-DMARD conventional synthetic DMARD, SOJIA Systemic-onset juvenile idiopathic
arthritis, pJIA Polyarticular JIA, GCA Granulomatosis with polyangiitis, 7A Takayasu arteritis,
AOSD adult onset still disease, SSc systemic sclerosis, BD Behcet disease, PMR polymyalgia rheu-
matica, MPA microscopic polyangiitis, /LD interstitial lung disease, /IM idiopathic inflammatory
myositis, ASS anti synthetase syndrome, AS ankylosing spondylitis, PSA psoriatic arthritis, SpA
spondyloarthritis, /FN Infliximab, ADA Adalimumab, GOL Golimumab, KD Kawasaki disease,
CAPS cryopyrin-associated periodic syndromes, FMF Familial Mediterranean Fever, TRAPS
Tumor Necrosis Factor Receptor-Associated Periodic Syndrome, CRMO Chronic Recurrent
Multifocal Osteomyelitis
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26.1 Introduction: Ethical Issues in Rheumatology

e With a deeper understanding of the pathogenesis of rheumatic diseases, newer
therapies have been developed or are in the process of being developed. These
include biological therapies, now commonly used in rheumatology. However,
many ethical issues arise with the use of these in day-to-day practice or research
settings.

* Ethical issues in rheumatology are rampant, and in a survey, the investigators
found more than half of the participants reported a lack of comprehension regard-
ing these [1]. They reported ethical dilemmas both in practice and clinical
research. Most frequent practice-related concerns were the cost of therapy to the
patient (the newer therapies, e.g., biologics are costlier than traditional ones) and
society, and limitations of time when interviewing patients due to sheer numbers,
especially in a country like ours where the majority do not have proper insurance.
Among some other ethical considerations are relationship of the healthcare giver
with the Industry and the other challenges one faces when dealing with chronic
ailments especially work disability related [2].

* One of the most preferred systems for following medical ethics has outlined 4
clusters of ethical principles, which include respect for autonomy, beneficence,
non-maleficence and distributive justice [3].
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e Despite such ethical dilemmas in rheumatology, literature related to the same is
sparse. Not many have discussed these in medical literature, and a search for the
same done earlier revealed only 0.026% of published articles addressing them
[4]. The commonest and least common theme therein was found to be Non-
maleficence and Justice, respectively.

e Issues related to our country as regards physician—industry relationships have
been addressed [5].

26.2 Biologics/Biosimilars and their Cost-Effectiveness

e Biologics represent one of the fastest-growing segments of the pharmaceutical
industry [6]. The DCGI (Drug Controller General of India) has come out with a
special Dossier for biosimilar manufacture and sale, which is also updated regu-
larly. It is through this that the majority of these drugs receive sanctions [7].
Since the biosimilars were approved and marketed in 2003, many followed the
trail, including adalimumab, infliximab, rituximab [8]. One of the biggest prob-
lems in dealing with biosimilars and innovator drugs for use in patients is the
lack of head-to-head trials between these and also patient-related issues like
maintaining their autonomy in taking consent—explaining to them the possibil-
ity of adverse effects/efficacy especially comparative between the alternatives
when data regarding these is suboptimal [9, 10].

e Autoimmune diseases, especially rheumatic, are still not covered under insur-
ance and hence cost remains an issue with these agents. Even otherwise, as far as
all of India’s population is concerned, only a small segment opts for health insur-
ance, more so from the rural sector. By the nature of the course of these diseases,
which are often relapsing remitting and continue for years or decades, even for
those who can afford, cost-effectiveness becomes an issue. Put simply, even if a
patient agrees to use biological therapy, how much benefit will it provide above
conventional therapy and will the extra expenditure be worth it?

e Pharmacoeconomics is that branch of therapeutic science that deals with the
cost-effectiveness of a new drug, especially in the context of the disease it will be
used for and the relevant population [11].. However, an ethical dilemma arises
when the patient is unable to access the options and or make a decision.

* Cost-effectiveness analysis comes into relevance when costs justify benefit
gained, e.g., in a situation where it prevents mortality, most would agree to use it,
but if the perceived or actual gain is only marginal, its use in that disease and for
that population would be difficult. Van der Velde et al. actually studied this will-
ingness in patients of RA to pay extra for a unit of gain in their health [12].

26.3 Patient-Related Ethical Issues
26.3.1 Control Arms and Healthy Controls

e The safety studies for new drugs are normally done first in healthy volunteers.
The problem with biologics is that they are designed to be very specific to their
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targets that are usually present in high number only in diseased states. They can-
not be hence carried out in healthy volunteers, and this poses an ethical issue.
The selection of these appropriate control arms leads to complex ethical issues.
 Clinical equipoise happens when in the designing of a clinical trial, both interven-
tions are assumed to be equal and one not better than the other in efficacy [13].
When an investigator also feels the same, it becomes a personal equipoise. In an
ethical scenario with clinical equipoise, patients should be assigned randomly to
different study arms. In many trials, a placebo is a preferred comparator. And
while placebo-controlled studies are essential to rule out chance as a confounder,
an ethical issue does arise, especially in the context of biosimilars/biologics, as
most of these are highly efficacious and do not have a comparator arm in studies.
It would be important to use at least the standard of care or other disease-modify-
ing drugs in the parallel arm so that the disease is not left to progress in that arm.

26.3.2 Treatment Naive and Treated Patients

Two important issues in including treatment naive patients into clinical trials are: (1)
As discussed above, the possibility of disease progression in those where the stan-
dard of care is available and of proven efficacy and (2) Exclusion of patients with
co-morbidities or those on some drugs to avoid drug interactions, especially in
RCTs and controlled trials—and this is where observational studies or data from
registries is gaining more importance these days as the latter more accurately reflect
real-life situations which is not so in RCTs. It is therefore imperative to develop a
safety database.

26.3.3 Beneficence and Non-Maleficence

e There are two aspects to ethical dilemmas in the use of newer drugs like biolog-
ics—in technical terms these are called Beneficence and non-maleficence. While
the former deals with balancing costs versus risks involved in the usage of these,
the latter is more about avoiding harm. When deciding on any therapeutic
options, these two factors go hand in hand. As per various guidelines, anti-
inflammatory compounds are still the first-line therapy for axial spondyloarthri-
tis (axSpA), failing which biologic therapy is considered. There are a number of
social and economic factors that a treating physician has to consider before final-
izing the best treatment option for his/her patient—like age, sex (possibility of
pregnancy and hence family planning), co-morbidities, allergies, etc. Treatment
of inflammatory diseases is beyond just symptomatic control but also includes
long-term continuous control of inflammation to prevent damage. One of the
measures in assessing outcomes of diseases, e.g., Spondyloarthritis, involves
patients’ mental component for gaging improvement (patient global), and if the
patient is depressed, it would affect the score. Depression is not uncommon in
many of these patients who are young working males [14]. In using NSAIDs
which are, as per the guidelines, the first drugs to be tried, the inflammation
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might be partly controlled but may not have the mental impact, e.g., that a bio-
logic would have, even for fatigue.

e As we deal with chronic conditions, biologic therapies may be required for a
longer period of time or sometimes lifelong. The safety data of long-term use of
many biologics are not yet available. Important risks with the use of biologics are
infections and the possibility of malignancy, among others.

e Amongst other exclusions in many clinical trials are also patients with extremes
of age, Hep B, Hep C and or congestive cardiac failure—these would again be
there in the real-life situation, and hence using the drugs in this subset of patients
would raise ethical dilemmas.

e One of the paradoxes in drug usage has been that since systemic therapies like
biologics might have more risks both in terms of adverse effects and costs, physi-
cians will be more inclined to use conventional therapies. The trials that were
done with the latter drugs earlier involved a much lesser number of patients and
were poorly designed—most of them. Whereas with drugs like biologics, since
the stakes are much higher and with the use of modern gadgets and techniques,
the trials are more rigorous and hence the data more robust.

e When compared to drugs like corticosteroids, biologic therapies, in the long run,
may be associated with lesser damage, systemic and organ based both due to
better disease control and lack of such adverse effects. Although lymphomas
have been reported with the use of anti-TNF therapies, which have resolved
when these therapies were withdrawn [15]—it remains to be proven if the drugs
caused these or the disease itself. Treating physicians should explicitly discuss
even these remote possibilities with the patients choosing to use them and also
both screen them initially and monitor for them on follow-up with whatever
tests/investigations are needed.

A checklist prior to commencing biologic therapy in India has been pro-
posed [16].

26.3.4 Patient Autonomy

e Another issue while adhering to the ethical principles of beneficence and non-
maleficence is not respecting the patient’s preference for treatment. In today’s
times, patient preferences and perspectives are becoming more and more
important.

e In an ideal scenario, all possible alternatives available as treatment modalities
must be discussed with the patients before helping them decide on one. With
increasing access to social media and free access to websites, many patients are
aware of available treatment options. They should be provided with all available
options in a balanced manner, and clinicians must consider patient’s preferences
and guide them in decision-making. The field of biologic therapy is evolving
every day with new data and molecules coming in, and it is only imperative that
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patients must be apprised of all newer concepts. Adverse effects that have already
been registered and also those likely to happen when used in the real-life sce-
nario and in the long run also have to be discussed with them.

e The doctor-patient ratio in populous countries like India continues to be poor
despite many advances in medical education and healthcare. Due to the same, the
average time a doctor spends with a patient is abysmally less, and many health-
care givers do not explain in detail the efficacy and adverse/side effects of medi-
cines prescribed. In fact, even details related to the diseases they suffer are not
shared with them due to lack of time. They thus end up violating a fundamental
right of these patients [17].

26.3.5 Distribution of Justice

e While it is only ideal that patients get the best possible treatments notwithstand-
ing costs that do not happen in real life, and physicians prescribe medicines look-
ing into the cost-effectiveness of these. The biologics/biosimilars are costly
drugs especially taking into consideration the average incomes of most patients
in countries like India whereas conventional DMARDs are much cheaper.
Considering long-term or lifelong therapy, these might pose a significant finan-
cial burden. Treating physicians must have advocacy lobbies along with patient
leaders that influence the insurance and government sectors to make these acces-
sible for most patients.

¢ India poses a unique dilemma to the physician where many patients turn to pri-
vate practitioners and often do not have medical insurance covering biologic
therapy. Even when they do have, most insurance covering companies make it
mandatory first to use DMARD:s to full effects before biologics are offered to
them. Even when they do agree to share the cost, a substantial part of the same is
still borne by patients. There are NGOs and even other organizations, including
waivers/discounts from the pharmaceutical companies themselves, to help such
patients in need, but that is usually for a limited period which again may not be
of much use in a chronic illness that, in most cases, is lifelong! Lack of extensive
guidelines regarding the use of biologics in India has led to a muddy picture of
the insurance companies reimbursing these costs.

e What is important to consider in such diseases is also the societal cost and not
just the individual ones. When a patient suffers from a disease and has to resort
to costly treatment, from the payer’s point of view, he/she has to bear a higher
cost. But when he/she gets better with this treatment, occupational or profes-
sional absence from work reduces and overall the society and community bene-
fits. Often this aspect is not considered in cost-effectiveness. This was proven in
a study on patients with axSpA where the patients on biologics benefitted in
terms of presenteeism at work and improvement in activity and workmanship
[18]. Ideally, this should be taken into account when deciding on the long-term
benefits of apparently costly drugs.
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26.4 Physician-Related Issues
26.4.1 Physician-Pharmaceutical Industry Relations

Physician—pharmaceutical industry relationship is a complex one. There are many
ways the pharmaceutical industries influence a doctor’s judgment about treatment.
Many hospitals have also restricted access of pharmaceutical executives to clini-
cians. Even a small gift can compromise your objectivity in the long run. It has been
studied that conflicts arise mainly in relation to prescribers being on the Board of
directors in three-fourth of cases, talking to audiences without declaring conflicts in
more than a half and consulting with the Industry in about the same numbers [1]. It
was also soon that the industry influenced the decision-making and prescribing pat-
terns of practitioners [19]. It is the moral and ethical obligation of the physician to
avoid being influenced, however, at the same time, the contribution of the industry
to healthcare cannot be ignored. Conflicts also arise when companies are trading
costly drugs like biologics fund conferences/lunches/educational grants, etc. While
not being directly at conflict at an individual level, health care givers have an indi-
rect relationship by agreeing to grants/help from the industry for conferences, etc.,
where international and national speakers are sponsored as a trade-off.

26.4.2 Conflict of Interest

Clinicians must adhere to the principles of informed consent when explaining the
potential risks of newer therapies while trialing. Conflict of interest can arise in
multiple scenarios, right from biased inclusion of patients in drug development tri-
als to unnecessary commencement of a medication in a patient. Ideally, the funding
provided to the clinician should also be clearly stated to the subject being enrolled.

26.4.3 Medical Education and Bias

The healthcare system must cater to the human resources training policy in the
country, thus ensuring the integration of young specialists into the society. This
necessitates Medical postings in theumatology and continued medical education to
ensure correct decision-making on the part of treating physicians.

26.5 Industry-Related Issues
26.5.1 Fair Control Trials
* Head-to-head trials comparing biologics are very rare; approximately 90% of

the trials so far are placebo-controlled trials [20]. Such trials require stringent
regulatory requirements, and most of the pharma industry would not want to
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invest if there is the slightest doubt of inferiority of their product; comparator
biologics drugs are expensive, and companies do not want to invest in their
competitor’s product, lack of such trials create a false impression that all biolog-
ics are equally efficacious and it promotes the sale of all of them instead of one
which can be used judiciously over others because of superiority. The sample
size requirement for head-to-head trial is also larger as compared to placebo-
controlled trial [20].

e Asdiscussed before, one of the biggest problems, especially as regards the trials
of biologics, is the use of placebo in the control arm in most of them [21]). Since
even standard of care is not included in the control arm, these trials are more
designed to validate the superiority of these costly drugs to placebo. What is
needed is ideally head-to-head comparison of these against one another OR at
least against DMARD:s or other standard of care depending on the illness being
studied.

e An alternative way to remove bias that has been used is to continue treatment in
the responders after a pre-decided duration of treatment and withdraw from the
others the investigational drug (which is added on to some baseline drugs)—dis-
ease flares are documented as an outcome measure in these. While this may be
able together some sound evidence of the efficacy of the investigational drug,
such designs have problems of needing more power of the study, which will
ultimately increase the costs.

e There are important differences between industry-sponsored trials and public-
funded trials or trials funded through other sources. In fact, industry-sponsored
trials have better study designs, and stringently follow-up of regulatory recom-
mendations, but at the same time, they are usually for a short duration and are less
likely to be published. These trials are more likely to show superiority of spon-
sor’s product over comparator, and the reason for this is not the quality of methods
in research but the selection of inappropriate comparator, by and large. Most of
the time, the comparator is inactive placebo or the same drug in different strength
or different formulation of the same drug or the other biologic of the same pharma
company! [22].

e However, it is expected that in coming times, with the availability of more and
more biosimilars which will be cheaper and with the expiry of originator bio-
logic molecule patents, the operating cost for conducting trials would be reduced,
and in future, we should see more head-to-head comparison trials [19].

 India has specific trial-related ethical issues: most of the time, our subjects do get
enrolled in clinical trials because they cannot afford existing treatment. There are
significant differences in the public and private health care setups and patients
enrolled therein have different reasons for participation in trials. Most of these
trials have to be registered under the DCGI and follow the ICMR guidelines. As
of now, the infrastructure for ethics, regulation, and conduct of trials has many
deficiencies [23].
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26.5.2 Publication Biases

* Studies with positive results showing statistically significant treatment outcomes
have higher chances of being published, and they also get published early as
compared to ones that show neutral or negative results. There is also the problem
of about half of these had changed the definition of their primary/secondary out-
comes to suit publication—this leads to bias [24]. Industry-sponsored RCTs
have a lesser publication chance despite being generally more robust in
design [25].

* Amongst biologics, out of 212 registered clinical trials on anti-TNF therapies,
only 82 (38.7%)have been published so far. So, we have a potential loss of infor-
mation from 61.3% of studies. Some of them may get published in due course of
time, but at least 56 have not got published even after 1 year of their completion
[20] (Table 26.1).

26.6 Future and Conclusion

Small molecules are believed to be the future of rheumatology. Where in the ther-
apeutic armamentarium will biologics be in that case? Only time will tell.
Increasing biosimilars are bound to be manufactured as patents for innovators’
ease, especially in countries like India, which might actually turn out to be a
global giant in producing these. It will be more relevant then to lay out the rules
for not only manufacturing in a standardized way but also testing them through
proper trials. With the increasing availability of these, costs will come down—
even innovators and patients might want to switch to a cheaper copy of the one
they are taking, and ethical issues will arise at such times, and we will need to
clarify those. Cost-effectiveness will be increasingly important in the long run,
and more than that, safety as these very potent immunosuppressive drugs will be
increasingly used. Physicians prescribing these will need to take time out or share

Table 26.1 Total and published RCTs of anti-TNF agents in each rheumatic disease indica-
tion [20]

Certolizumab

Infliximab Etanercept Adalimumab | pegol Golimumab
Disease Published Published Published Published Published
indication | Total (%) Total (%) Total (%) Total| (%) Total (%)
RA 20 | 7(35) 23 |7(30) 28 19(32) 19 |5(26) 12 |7 (58%)
Psoriasis |7 5(71) 13 | 6(46) 15 |5(30) 2 1(50) 0 0
PsA 3 2 (67) 1 1(100) |3 2 (67) 1 0(0) 1 1 (100)
AS 4 2 (50) 7 4.(57) 3 2(67) 1 0(0) 3 1(33)
JIA 2 2(100) |3 2 (67) 2 1 (50) 0 0 1 0(0)

RA rheumatoid arthritis, PsA psoriatic arthritis, AS ankylosing spondylitis, JIA juvenile idiopathic
arthritis
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handouts that are comprehensive to explain side effects and efficacy.
Pharmacogenomics may make it easier to shortlist which drug will work best in a
given host. New biomarkers will make treatment response more objective, and
there will be an increasing role of patients in decision-making—something not
common in countries like ours but what we should promote. In conclusion, with
ethical issues clearly outlined, defined, and elaborated, the consumer should be
increasingly benefitted in the times to come.
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S. J. Gupta

27.1 Introduction

The advent and regular use of Biologics has revolutionised the management of
patients with inflammatory joint disorders. Disease remission has now become a
distinct reality and perhaps even drug-free remission, albeit in a small number of
patients [1]. However, biologics, like most drugs, are not without their problems.
These include: (1) common for all biologics- significantly increased cost of treat-
ment which makes continuing treatment and even initiation, difficult if not impossi-
ble, for some patients; increased infection risk and infusion or local injection
reactions; and (2) related to specific agents- cardiac failure, demyelinating disease
and hyperlipidemia [2]. In recent times, a fresh dimension to the initiation and use of
biologic agents has been added by the COVID-19 pandemic and a potential increased
infection risk for patients on biologics. It is therefore important that prior to com-
mencing a patient on a biologic agent detailed information about the drug(s) includ-
ing indication for use, cost of treatment, potential risks and screening measures prior
to treatment, is provided to the patient by the treating physician/rheumatologist.
Treatment should be initiated, only after obtaining the consent of the patient.

27.2 Consent

e The evolution of Consent or more accurately, Informed Consent, from a patient
has been influenced by advances in surgical procedures and medical research.
Though there are some reports of written informed consent being taken as far
back as 1539 [3] the development of written informed consent has really taken
place since the twentieth century.
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e Signed, informed consent from the patient is absolutely essential, prior to
embarking on a surgical procedure or commencing a volunteer on an experimen-
tal or trial drug, or a novel medical intervention.

e Over the years, the patient—physician relationship has been one of awe and
benevolence. Patients would accept the word and advice of the Physician, without
demur. However, with changes in society and legal practices, written informed
consent for surgical procedures and medical research is now accepted by all
healthcare institutions and is enshrined in law.

¢ There are three fundamental criteria that must be fulfilled, for informed consent-
the patient must be an adult and competent; complete and adequate information
must be provided; and he/she must not be coaxed or persuaded [4]. However,
signed written consent prior to commencing a patient on a therapeutic regime
such as conventional DMARDs or a biologic agent, may not necessarily be
required and is not mentioned as a requisite in published guidelines for the use of
biologics [5-7].

e The patient must be adequately informed; however, before they can be expected
to consent to the use of biologics and while providing this information, the same
principles ought to be relevant and applicable as for written consent.

27.3 Consent for Biologics

* Prior to commencing a patient on a biologic, he/she needs to be provided the fol-
lowing information: (1) indications for use; (2) potential risks of treatment; (3)
toxicity/side effects of the drug and any pre-treatment screening investigations
required; (4) mode of administration; and (5) cost of therapy.

e In countries such as India, where most patients bear the cost of treatment them-
selves, cost of treatment might be the most important factor determining com-
mencement or otherwise, of the biologic agent.

27.3.1 Indications

e There are now a fairly large number of biologic agents that are approved for the
treatment of various auto-immune inflammatory disorders—Table 27.1 [8].

e In addition, there are some situations where non-approved or off-label use of a
biologic may be required- such as Rituximab for refractory lupus nephritis.

e A patient being considered for a biologic must be adequately informed about the
reason/indication for which a biologic is being considered and whether an alter-
native approach could also be tried. This could be a patient with rheumatoid
arthritis (RA) who has failed DMARDs; or a patient of axial spondarthritis
(axSpA) unresponsive to non-steroidal anti-inflammatory drugs (NSAIDs); or as
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Table 27.1 Approved Biologics and their indications (and year of approval)

1. Anti-TNF inhibitors:

1. Etanercept: 1998- RA; 2003- Ank Spond;
2. Infliximab: 1999- RA; 2004- Ank Spond;
2005- PsA

3. Adalimumab: 2002- RA; 2005- PsA;
2006- Ank Spond

4. Certolizumab pegol: 2009- RA;

2013- PsA & Ank Spond

5. Golimumab: 2009- RA; 2017- PsA & Ank
Spond

IV. Anti B Cell & Co stimulator blocker:
1. Abatacept: 2005- RA; 2008- PA JIA;
2017- PsA

2. Rituximab: 2006- RA; 2019- GPA;

3. Belilumab: 2011- SLE

V. IL-6 inhibitors:

1. Tocilizumab: 2010- RA; 2011- SOJIA;
2013: PA JIA; 2017- GCA;

2019: AOSD (Japan)

II. IL-I inhibitors:

1. Anakinra: 2001- RA; 2013- CAPS

2. Rilonacept: 2008- CAPS

3. Canakinumab: 2009- CAPS; 2013- SOJIA;
2013- refractory gout (Europe) 2020- AOSD

VI. IL-12 inhibitors:
1. Ustekinumab: 2009- psoriasis
2013- PsA

II1. IL-23 inhibitors:

1. Guselkumab: 2017- psoriasis
2. Risankizumab: 2019- psoriasis
3. Tildrakizumab: 2019- psoriasis

VII. IL-17 inhibitors:

1. Secukinumab: 2015- psoriasis; 2016- PsA;
2016- Ank Spond; 2020- nr-axSpA (Europe)
2. Ixekinumab: 2017- PsA; 2019- Ank Spond
2020- nr-axSpA

3. Broadulmab: 2017- psoriasis

RA rheumatoid arthritis, Ank Spond ankylosing spondylitis, PsA psoriatic arthritis, CAPS
cryopyrin-associated autoinflammatory syndrome, AOSD adult-onset Still’s disease, JIA juvenile
idiopathic arthritis, GPA granulomatosis with polyangiitis, SLE systemic lupus erythematosus,
SOJIA systemic onset juvenile idiopathic arthritis, GCA giant cell arteritis, nr-ax SpA non-

radiographic axial spondarthritis

mentioned earlier, a patient with refractory lupus nephritis or another connective
tissue disorder.

In some situations the indication would be unequivocal; for a patient with
active axSpA who has failed an adequate trial of NSAIDs, the only appropriate
further treatment would be with a TNFa inhibitor (TNFi) or an anti-IL-17
agent [9].

For a patient of RA failing to achieve remission or low disease activity despite an
adequate DMARD regime (at least 2-3 drugs in combination, including
Methotrexate up to 20-25 mg weekly preferably parenteral, for at least
3—-6 months) a biologic agent along with csDMARD would be a logical choice (a
tsDMARD could be another possibility) [10]; the biologic agent could be any of
the following: (1) TNFi (Infliximab or Etanercept or Adalimimab or Golimumab
or Certolizumab); (2) anti-B Cell agent (Rituximab); (3) co-stimulation blocker
(Abatacept); (4) IL-6 inhibitor (Tocilizumab).

It would be essential to discuss these options with the patient, providing adequate
information to allow the patient to reach a decision. The final decision of the
patient will also depend upon other considerations as outlined below.
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27.3.2 Toxicity and Pre-Treatment Screening

27.3.2.1 Infection Risk

The most significant potential toxicity to consider is the risk of serious infection.
Overall, data indicates a definite albeit small absolute increased risk of infection
with most biologics; serious infections, however, being rather rare. One also needs
to consider atypical, opportunistic and viral infections.

e TNFi has been associated with an increased risk of reactivation of latent tubercu-
losis (TB), other granulomatous infections and fungal infections. Amongst the
TNFi the risk of TB appears to be greater with Infliximab and Adalimumab com-
pared to Etanercept, though why this happens is not clear.

e Varicella-zoster virus (VZV) infections have been reported with the use of
anakinra, abatacept, rituximab or tocilizumab; and reactivation of Hepatitis B
(Hep B) has been reported with TNFi and Rituximab [2]. Progressive multifocal
leukoencephalopathy (PML) due to reactivation of J C Virus (Human polyoma-
virus 2 or John Cunningham virus) has been reported with the use of Rituximab;
however, out of 57 cases of PML reported in 2009 the majority received treat-
ment as part of chemotherapy and only 5 patients received Rituximab for auto-
immune conditions [11].

27.3.2.2 Pre-Treatment Counselling and Screening

e It would be important to inform the patient about the risk albeit small of infection
including specific infections. The patient should be advised that in addition to
clinical examination and ‘routine’ blood work-up to rule out infection, more spe-
cific tests to look for Hep B and Hep CV status and occult TB would also need
to be carried out.

e The presence of co-morbidities such as diabetes (poorly controlled), severe
obstructive pulmonary disease or renal dysfunction might alter the choice of bio-
logic agent due to their increased risk of infection and this would need to be
explained [7].

e In recent times an additional challenge in the management of patients with
inflammatory joint disorders has been provided by the COVID-19 pandemic and
this requires additional and careful counselling of the patient. Though it is not
clear exactly how a biologic might influence the course of COVID-19 infection,
it would be prudent to delay the introduction of a biologic agent as far as possi-
ble. However, if the clinical situation does not permit delay, then screening the
patient for active COVID-19 infection by RT-PCR would be justified, even if
asymptomatic [12].

e For patients continuing or starting biologic infusions in the present scenario,
appropriate sanitisation of infusion rooms/chambers, physical distancing in the
waiting areas and screening for COVID-19 symptoms prior to entering the facil-
ity, must be carried out [13].
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27.3.3 Mode of Administration and Cost

e The frequency and route of administration would need to be explained to the
patient allowing him/her to choose the most suitable agent. Some might prefer
intravenous infusion and others might choose the freedom of self-injection with
a pre-filled syringe or injection pen.

e The cost of treatment might be the most important factor for some patients, par-
ticularly if paying for the treatment themselves.

27.4 Conclusion

Biologics are an essential part of the management of many auto-immune inflamma-
tory joint disorders. Though they pose certain specific problems such as the cost of
treatment and potential toxicity, their utility is unquestionable. The final decision
regarding initiation of biologic therapy and which agent to use should be a joint
decision between physician and patient. However, an appropriate decision can be
made only after complete and detailed information regarding the treatment has been
provided to the patient and after seeking his/her consent.

References

1. Machold KP. Prevention and cure of rheumatoid arthritis- is it possible? Best Prac Res Clin
Rheum. 2010;24:353-61.

2. Woodrick RS, et al. Safety of biologic therapy in rheumatoid arthritis. Nat Rev Rheumatol.
2011;7:639-52.

3. Selek S. A Written Consent 5 Centuries Ago. ] Med Ethics. 2010;36:639.

4. Cocanour CS. Informed consent—It’ss more than a signature on a piece of paper. Am J Surg.
2017, https://doi.org/10.1016/j.amjsurg.2017.09.015.

5. NICE. Adalimumab, etanercept, infliximab, certolizumab pegol, golimumab, tocilizumab and
abatacept for rheumatoid arthritis not previously treated with DMARDs or after treated with
DMARD:s or after conventional DMARDSs only have failed- Technology appraisal guidance.
Jan 2016. www.nice.org.uk/guidance/ta375

6. Smolen JS, Landewe R, et al. EULAR recommendations for the management of rheumatoid
arthritis with synthetic and biological disease-modifying antirheumatic drugs: 2016 update.
Ann Rheum Dis. 2017;0:1-18. https://doi.org/10.1136/annrheumdis-2016-210715.

7. Holroyd CR, Seth R, et al. The British Society for Rheumatology biologic DMARD safety
guidelines in inflammatory arthritis. Rheumatology. 2019;58:e3e42. https://doi.org/10.1093/
rheumatology/key208.

8. Kingsmore KM, et al. Drug repurposing to improve treatment of rheumatic autoimmune
inflammatory diseases. Nat Rev Rheum. 2019; https://doi.org/10.1038/s41584-019-0337-0.

9. van der Heijde D, Ramiro S, et al. 2016 update of the ASAS-EULAR management recommen-
dations for axial spondyloarthritis. Ann Rheum Dis. 2017;0:1-14. https://doi.org/10.1136/ann
rheumdis-2016-210770.

10. Smolen JS, Landewe RBM, et al. EULAR recommendations for the management of rheu-
matoid arthritis with synthetic and biological disease-modifying antirheumatic drugs: 2019
update. Ann Rheum Dis. 2020;0:1-15. https://doi.org/10.1136/annrheumdis-2019-216655.


https://doi.org/10.1016/j.amjsurg.2017.09.015
http://www.nice.org.uk/guidance/ta375
https://doi.org/10.1136/annrheumdis-2016-210715
https://doi.org/10.1093/rheumatology/key208
https://doi.org/10.1093/rheumatology/key208
https://doi.org/10.1038/s41584-019-0337-0
https://doi.org/10.1136/annrheumdis-2016-210770
https://doi.org/10.1136/annrheumdis-2016-210770
https://doi.org/10.1136/annrheumdis-2019-216655

288 S.J.Gupta

11. Carson KR, et al. Progressive multifocal leukoencephalopathy after rituximab therapy in HIV-
negative patients: a report of 57 cases from the research on adverse drug events and reports
project. Blood. 2009;113:4834—40.

12. Zingone F, Buda A, et al. Screening for active COVID-19 infection and immunization status
prior to biologic therapy in IBD patients at the time of the pandemic outbreak. Dig Liver Dis.
2020; https://doi.org/10.1016/j.d1d.2020.04.004.

13. ACR Infusion Guidance During COVID-19 Crisis. American College of Rheumatology.
Available at https://www.rheumatology.org/Portals/0/Files/ ACR-Infusion-Guidance-
COVID-19. 3/23/2020.


https://doi.org/10.1016/j.dld.2020.04.004
https://www.rheumatology.org/Portals/0/Files/ACR-Infusion-Guidance-COVID-19
https://www.rheumatology.org/Portals/0/Files/ACR-Infusion-Guidance-COVID-19

	Handbook of Biologics for Rheumatological Disorders
	Preface
	Contents
	About the Editors
	1: A Historical Introduction to the Biological Response Modifier Drugs: The ‘Biologicals’
	1.1	 Introduction
	1.2	 Historical Background
	1.3	 Basic Requirements for Producing Monoclonal Antibodies (MABS) for Therapeutic Use
	1.3.1	 Discovery of Tissue Culture Technique for Studying Biological Systems
	1.3.2	 Identifying the Key Pathogenic Molecule in RA; Study of the Synovial Tissue and its Molecules in Cell Cultures
	1.3.2.1	 Early Studies on Synovial Tissue from RA Patients in Tissue Culture
	1.3.2.2	 The Saga of the Discovery of Tumour Necrosis Factor-α (TNF-α) and its Cloning
	1.3.2.3	 Discovery of TNF-α as the Key Molecule in the Pathogenesis of Synovitis in a Patient with RA
	1.3.2.4	 Identifying and Isolating a Single Antibody-Producing Cell for Producing Monoclonal Antibody: Jerne’s ‘Haemolytic Plaque Technique’ Using Soft Agar-Gel
	1.3.2.5	 Hybridoma Technology and the Commercial Production of mAbs
	1.3.2.6	 TNF-α, Jan Vilček and the Monoclonal Anti-TNF-α
	1.3.2.7	 Maini and Feldmann’s First Use of Anti-TNF-α in Human Disease: Rheumatoid Arthritis


	1.4	 Conclusion
	References

	2: Biologics in Rheumatoid Arthritis
	2.1	 Introduction
	2.2	 What Are Biologic DMARDs (bDMARDs)?
	2.3	 What Are the Types of Biologic DMARDs?
	2.4	 What Do bDMARDs Target?
	2.5	 When to Initiate Biologics in RA?
	2.6	 How to Initiate Biologics in RA?
	2.7	 What Do Biologics Achieve in RA?
	2.8	 Place of Biologics in the Treatment Matrix of RA
	2.9	 Efficacy of Biologics
	2.10	 What Is Switching of Biologics?
	2.11	 Which Biologic for Whom?
	2.12	 Immunogenicity with Biologics
	2.13	 Biologics and Safety Issues
	2.14	 Biologics in Pregnancy and Breastfeeding
	2.15	 Biologics Versus Targeted Synthetic DMARDs
	2.16	 Bio-Originators and Biosimilars
	2.17	 Future Prospects
	Further Reading

	3: Biologics in Spondyloarthritis
	3.1	 Introduction
	3.2	 Overarching Principles for Use of Biologicals in Spondyloarthritis
	3.3	 Biological Agents Approved for Spondyloarthritis
	3.3.1	 Infliximab in Spondyloarthritis
	3.3.2	 Etanercept in Spondyloarthritis
	3.3.3	 Adalimumab in Spondyloarthritis
	3.3.4	 Certolizumab Pegol in Spondyloarthritis
	3.3.5	 Golimumab in Spondyloarthritis
	3.3.6	 Secukinumab and Ixekizumabin Spondyloarthritis
	3.3.7	 Ustekinumab in Spondyloarthritis

	3.4	 Biologics in Various Spondyloarthritides
	3.4.1	 Axial Spondyloarthritis
	3.4.2	 Non-psoriatic Peripheral Spondyloarthritis
	3.4.3	 Psoriatic Arthritis

	3.5	 Extraarticular Manifestations and Choice of Biologicals in SpA
	3.6	 Summary
	References

	4: Biologics in Psoriatic Arthritis
	4.1	 Introduction
	4.2	 Tumor Necrosis Factor Inhibitors (TNFi)
	4.2.1	 Approved TNFi in the Treatment of PsA
	4.2.2	 Effectiveness of TNFi on PsA Domains
	4.2.3	 Persistence of Treatment with TNFi in PsA Patients
	4.2.4	 Adverse Events with TNFi in Patients with PsA
	4.2.5	 Dose Reduction and Withdrawal of TNFi in PsA

	4.3	 Interleukin-17 (IL-17) Inhibitors
	4.3.1	 IL-17 Inhibitors in the Treatment of Psoriatic Disease
	4.3.2	 Efficacy of IL-17 Inhibitors in Psoriatic Arthritis
	4.3.2.1	 Peripheral Joint Outcome
	4.3.2.2	 Axial PsA Outcome
	4.3.2.3	 Enthesitis and Dactylitis Outcome
	4.3.2.4	 Persistence of Treatment with IL-17 Inhibitors in Patients with PsA
	4.3.2.5	 Safety of IL-17 Inhibitors in Patients with PsA


	4.4	 IL-23 Inhibitors
	4.5	 Interleukin-12/Interleukin-23p40 Inhibitor
	4.5.1	 Effectiveness of UST on Axial PsA, Enthesitis, and Dactylitis
	4.5.2	 Persistence of Treatment with UST in PsA Patients
	4.5.3	 Safety of UST in PsA Patients

	4.6	 Interleukin-23p19 Inhibitors
	4.6.1	 Efficacy of Guselkumab for Peripheral Joint Outcomes in Active PsA
	4.6.2	 Guselkumab in Axial PsA
	4.6.3	 Efficacy in Enthesitis and Dactylitis
	4.6.4	 Safety of Guselkumab in PsA Patients

	4.7	 Co-Stimulation Blockade in PsA
	4.8	 Small Molecules in PsA
	4.9	 Targeting the JAK/STAT Pathway: The JAK Inhibitors
	4.9.1	 Tofacitinib (TOFA)
	4.9.1.1	 Efficacy of TOFA on Peripheral and Axial Arthritis
	4.9.1.2	 Efficacy of TOFA on Enthesitis and Dactylitis
	4.9.1.3	 Tolerability and Safety Profile of TOFA in Psoriatic Arthritis

	4.9.2	 Upadacitinib (UPA)
	4.9.2.1	 Efficacy of UPA on Peripheral and Axial Arthritis
	4.9.2.2	 Efficacy of UPA on Enthesitis and Dactylitis
	4.9.2.3	 Safety of UPA in PsA


	4.10	 Phosphodiesterase-4 (PDE4) Inhibitor: Apremilast
	4.10.1	 Efficacy of APR on Peripheral Arthritis
	4.10.2	 Efficacy of APR on Enthesitis and Dactylitis
	4.10.3	 Persistence and Safety of APR in Patients with PsA

	4.11	 Positioning of Targeted DMARDs in the Recommendations for PsA
	4.12	 Conclusion
	References

	5: Biologics in Gout
	5.1	 Introduction
	5.2	 Urate Lowering Drugs
	5.2.1	 Pegloticase
	5.2.2	 Rasburicase

	5.3	 Anti-IL1 Agents
	5.3.1	 Anakinra
	5.3.2	 Rilonacept
	5.3.3	 Canakinumab

	5.4	 Summary
	References

	6: Biologics in Systemic Lupus Erythematosus (SLE)
	6.1	 Introduction
	6.2	 Unmet Needs in the Management of SLE
	6.3	 Points of Intervention in the Immunological Pathways of SLE (Fig. 6.1)
	6.4	 Biological Therapies for SLE
	6.4.1	 Targeting B Cell Growth and Survival Factors
	6.4.2	 Belimumab
	6.4.3	 Tabalumab
	6.4.4	 Blisibimod
	6.4.5	 Atacicept
	6.4.6	 Targeting B Cell Surface Molecules
	6.4.6.1	 Rituximab
	6.4.6.2	 Ocrelizumab
	6.4.6.3	 Obinutuzumab
	6.4.6.4	 Epratuzumab
	6.4.6.5	 Daratumumab

	6.4.7	 Targeting Co-Stimulatory Molecules
	6.4.7.1	 Abatacept
	6.4.7.2	 Dapirolizumab

	6.4.8	 Combination/Sequential Biological Therapies
	6.4.9	 Targeting Cytokines
	6.4.9.1	 IL-6
	6.4.9.2	 Type I Interferons (IFNs)
	6.4.9.3	 Rontalizumab
	6.4.9.4	 Sifalimumab
	6.4.9.5	 Anifrolumab
	6.4.9.6	 Interferon-α-Kinoid (IFN-K)
	6.4.9.7	 IL-12/23

	6.4.10	 Targeting Intracellular Pathways
	6.4.10.1	 JAK Inhibition and Other Small Molecules
	6.4.10.2	 Other Biological Agents and New Molecules


	6.5	 Conclusions
	References

	7: Biologics in Sjogren’s Syndrome
	7.1	Introduction
	7.2	 Rationale for Biologics in Sjogren’s Syndrome
	7.3	 Rituximab
	7.4	 Belimumab
	7.5	 Abatacept
	7.6	 Anti-CD40 and Anti-CD40 Ligand
	7.7	 Epratuzumab
	7.8	 Anti-TNF Therapy
	7.9	 JAK and BTK Inhibitors
	7.10	 Tocilizumab
	7.11	 Novel Biologics and New Molecules
	7.12	 Conclusion
	References

	8: Biologics in Systemic Sclerosis
	8.1	Introduction
	8.2	 Rationale for Biologics in Systemic Sclerosis
	8.3	 Abatacept
	8.4	 Brentuximab Vedotin
	8.5	 Belimumab
	8.6	 Inebilizumab
	8.7	 Rituximab
	8.8	 Rilonacept
	8.9	 Romilkimab
	8.10	 Tocilizumab
	8.11	 Tofacitinib
	8.12	 Intravenous Immunoglobulin
	8.13	 Clinical Practice
	8.14	 Summary
	References

	9: Biologics in Idiopathic Inflammatory Myopathies
	9.1	Introduction
	9.2	 Rituximab (Anti-CD 20)
	9.3	 Abatacept (CTLA-4 Agonist)
	9.4	 Intravenous or Subcutaneous Immunoglobulin (IVIg/SCIg)
	9.5	 Sifalimumab
	9.6	 Other Biologics
	9.7	 Conclusion
	References

	10: Biologics in ANCA-Associated Vasculitides
	10.1	 Initial Management
	10.2	 Remission Induction
	10.2.1	 The History

	10.3	 The Introduction of Biological Drug in AAV
	10.4	 Rituximab in AAV
	10.5	 Remission Maintenance
	10.6	 Other Biological Drugs in AAV
	10.7	 Conclusion
	References

	11: Biologics in Behcet’s syndrome
	11.1	Introduction
	11.2	 Immune Dysfunction and Therapeutic Targets in Behcet’s Syndrome
	11.3	 EULAR 2018 Update of Guidelines for Management of Behcet’s Syndrome
	11.4	 Indications of Biologic Therapies in Behcet’s Syndrome
	11.5	 Conclusion
	References

	12: Biologics in Takayasu’s Arteritis
	12.1	 Introduction
	12.2	 Case Scenario
	12.3	 Discussion
	12.4	 STEP 1: Initial Assessment and Diagnosis
	12.5	 Step 2: Initiating Corticosteroids and Immunosuppression
	12.6	 Case Scenario
	12.7	 Step 3: Assessment of Disease Activity at Follow up
	12.8	 Case Scenario
	12.9	 Step 4: Step up to Biological Agents
	12.10	 Step 5: Experimental Therapy and Logistic Considerations
	12.11	 Case Scenario Completion
	Suggested Further Reading

	13: Biologics in Interstitial Lung Diseases in Rheumatological Disorders
	13.1	 Introduction
	13.2	 Tumor Necrosis Factor Inhibitors
	13.3	 Anti-B-Cell Agents
	13.4	 Abatacept
	13.5	 Other bDMARDs
	13.6	 Idiopathic Pulmonary Fibrosis
	13.7	 Conclusion
	References

	14: Biologics in Osteoporosis
	14.1	 Introduction
	14.2	 Therapeutic Options: Current and New
	14.3	 Teriparatide
	14.4	 Abaloparatide
	14.5	 Denosumab
	14.5.1	 Newer Therapies

	14.6	 Sclerostin
	14.7	 Romosozumab
	14.8	 Summary
	References

	15: Biologics in Osteoarthritis
	15.1	 Introduction
	15.1.1	 Biologics Targeting Pain Pathways
	15.1.2	 Stopping Degeneration

	15.2	 IL-1 Countering Monoclonals
	15.2.1	 Monoclonals Targeting IL1β Molecule
	15.2.2	 Drugs Acting on IL1 Receptor
	15.2.3	 Anti TNF Therapies
	15.2.4	 Targeting Cartilage Breakdown
	15.2.5	 Biologicals with Disease Modifying Properties in Osteoarthritis or Growth Factors

	15.3	 Summary
	References

	16: Biologics in Juvenile Idiopathic Arthritis
	16.1	 Introduction
	16.2	 Interference with Cytokines
	16.2.1	 Soluble TNF Receptor Fusion Protein
	16.2.1.1	 Etanercept

	16.2.2	 Monoclonal Anti-TNF Antibody
	16.2.2.1	 Adalimumab
	16.2.2.2	 Infliximab

	16.2.3	 Inhibition of Interleukin-1
	16.2.3.1	 Anakinra
	16.2.3.2	 Rilonacept
	16.2.3.3	 Canakinumab


	16.3	 Inhibition of Interleukin-6
	16.3.1	 Tocilizumab

	16.4	 Inhibition of T-cell Co-stimulation
	16.4.1	 Abatacept

	16.5	 B-cell Depletion
	16.6	 Treatment Guidelines for Juvenile Idiopathic Arthritis
	16.7	 Conclusion
	References

	17: Biologics in Pediatric Connective Tissue Disorders
	17.1	 Introduction
	17.2	 Biologics in SLE
	17.3	 Biologics in JDM
	17.4	 Biologics in Pediatric Vasculitis
	17.4.1	 Takayasu Arteritis
	17.4.2	 Kawasaki Disease
	17.4.3	 DADA2 Deficiency and PAN
	17.4.4	 ANCA Vasculitis (AAV)
	17.4.5	 IgA Vasculitis

	17.5	 Conclusions
	References

	18: JAK Inhibitors in Rheumatic Disease
	18.1	Introduction
	18.2	 The JAK/STAT Pathway
	18.3	 Evaluation of Efficacy of JAKinibs in RA Clinical Trials
	18.4	 JAKinibs in PsA
	18.4.1	 Tofacitinib
	18.4.2	 Upadacitinib

	18.5	 Giant Cell Arteritis
	18.6	 Safety of JAKinibs
	18.6.1	 Infections
	18.6.2	 Malignancies
	18.6.3	 Gastrointestinal Perforation
	18.6.4	 Deep Vein Thrombosis and Pulmonary Embolus
	18.6.5	 Laboratory Abnormalities

	18.7	 Newer JAKinibs (Table 18.4)
	18.7.1	 Filgotinib
	18.7.2	 Peficitinib
	18.7.3	 Decernotinib

	18.8	 Conclusion
	References

	19: Biologics in Rheumatic Diseases in the Presence of Infection
	19.1	 Introduction
	19.2	 Latent TB Infection
	19.2.1	 Non-anti-TNF Biologics
	19.2.2	 Screening for Latent TB
	19.2.3	 Treatment
	19.2.3.1	 One of the Following Treatment Regimens can be Chosen for LTBI


	19.3	 HBV and HCV Infection
	19.4	 Hepatitis B
	19.4.1	 Natural Course
	19.4.2	 HBV Reactivation
	19.4.3	 Screening Recommendations
	19.4.4	 In HBsAg Positive Patients
	19.4.5	 In HBsAg Negative, anti-HBC Positive Subjects (Occult HBV Infection)

	19.5	 Hepatitis C
	19.5.1	 Natural Course
	19.5.2	 Screening Recommendations

	19.6	 HIV Infection
	19.7	 Other Infections
	19.8	 Conclusion
	References

	20: Biologics in Rheumatologic Conditions with Malignancy
	20.1	 Introduction
	20.2	 Rheumatic Diseases and Cancer: A Possible Link
	20.3	 The Possible Association Between Biologics and Malignancy
	20.3.1	 Rheumatoid Arthritis (RA)
	20.3.1.1	 Lymphoma in RA
	20.3.1.2	 Breast Cancer in RA
	20.3.1.3	 Lung Cancer in RA
	20.3.1.4	 Other Cancers in RA


	20.4	 Conclusions
	20.4.1	 Ankylosing Spondylitis (AS)
	20.4.2	 Primary Sjogren’s Syndrome
	20.4.3	 Scleroderma
	20.4.4	 Myositis
	20.4.5	 Psoriasis
	20.4.6	 Systemic Lupus Erythematosus (SLE)
	20.4.7	 Vasculitis

	20.5	 Summary
	References

	21: Biologics in Uveitis
	21.1	 Introduction
	21.2	 Conventional Treatment for Noninfectious Uveitis
	21.3	 Systemic Biologic Therapy for Noninfectious Uveitis
	21.3.1	 Tumor Necrosis Factor Inhibitors (TNFi)
	21.3.1.1	 Infliximab (Remicade®, Janssen Biotech, Inc) [6, 10, 24]
	21.3.1.2	 Adalimumab (Humira®, AbbVie Inc) [8, 16, 27, 28]
	21.3.1.3	 Golimumab (Simponi®, Janssen Biotech, Inc) [30]
	21.3.1.4	 Certolizumab (Cimzia®, UBC, Inc) [18, 21]
	21.3.1.5	 Etanercept (Enbrel®, Immunex Corporation) [7, 23]

	21.3.2	 Lymphocyte Inhibitors and Lympho-Cytotoxic Medications
	21.3.2.1	 Rituximab (Rituxan®, Genentech, Inc) [11, 25, 26]
	21.3.2.2	 Abatacept (Orencia®, Bristol-Myers Squibb Company) [2, 29]
	21.3.2.3	 Alemtuzumab (Lemtrada®, Genzyme Corporation) [4, 20, 32]

	21.3.3	 Interleukin (IL) Inhibitors
	21.3.3.1	 Anakinra (Kineret®, Swedish Orphan Biovitrum AB [Publ]) and Canakinumab (Ilaris®, Novartis) [5]
	21.3.3.2	 Gevokizumab (XOMA 052, XOMA Corporation)
	21.3.3.3	 Tocilizumab (Actemra®, Genentech, Inc) [14, 19, 22, 31]
	21.3.3.4	 Secukinumab (Cosentyx®, Novartis) [3, 12]
	21.3.3.5	 Ustekinumab (Stelara®, Janssen Biotech, Inc)

	21.3.4	 Janus Kinase (JAK) and Tyrosine Kinase (TYK) Inhibitors
	21.3.4.1	 Tofacitinib (Xeljanz®, Pfizer) [13, 17]
	21.3.4.2	 Filgotinib (GLPG0634, Galapagos NV/Gilead)
	21.3.4.3	 Baricitinib (Olumiant®, Eli Lilly and Company) [15]

	21.3.5	 Interferons (IFN) [1, 9]

	21.4	 Special Consideration
	21.4.1	 Vedolizumab (Entyvio®, Takeda)

	References

	22: Biologics in Sarcoidosis
	22.1	 Introduction
	22.2	 Immunopathogenesis
	22.3	 Management
	22.3.1	 Glucocorticoids
	22.3.2	 Methotrexate
	22.3.3	 Azathioprine
	22.3.4	 Leflunomide
	22.3.5	 Mycophenolate
	22.3.6	 Antimalarial Agents
	22.3.7	 Biological Therapy
	22.3.7.1	 Infliximab
	22.3.7.2	 Etanercept
	22.3.7.3	 Adalimumab
	22.3.7.4	 Non Targeted TNF Inhibitors
	22.3.7.5	 Cytotoxic T-lymphocyte Associated Blockade
	22.3.7.6	 IL-12/IL-23P40 and Th17 Pathways
	22.3.7.7	 Other Therapies
	22.3.7.8	 Novel Therapeutics


	References

	23: Biologics in IgG4-Related Disease
	23.1	 Case Vignette
	23.2	 Introduction
	23.3	 Biologics
	23.4	 Understanding the Targets of Biological Therapies in IgG4-RD
	23.5	 Screening Before Starting Biologics
	23.6	 Use of Biological Agents in IgG4 RD
	23.6.1	 B Cell-Targeted Therapies
	23.6.1.1	 Rituximab
	23.6.1.2	 Dose Protocol
	23.6.1.3	 Use of Rituximab in IgG4 RD
	23.6.1.4	 Side Effects

	23.6.2	 Other Therapies Targeting B Cells
	23.6.2.1	 XmAb5871
	23.6.2.2	 Bortezomib
	23.6.2.3	 Inebilizumab

	23.6.3	 T Cells Targeted Therapy
	23.6.3.1	 Abatacept

	23.6.4	 B and T Cells Targeted Therapy
	23.6.4.1	 Elotuzumab

	23.6.5	 Cytokine Inhibitors
	23.6.5.1	 Infliximab
	23.6.5.2	 Dupilimab

	23.6.6	 Other Possible Cytokine Targets
	23.6.6.1	 IL6 Inhibitor Tocilizumab
	23.6.6.2	 Anakinra and Canakinumab

	23.6.7	 Other Targets
	23.6.7.1	 Omalizumab
	23.6.7.2	 Eculizumab and Simtuzumab


	23.7	 Conclusion
	References

	24: Biosimilars in Rheumatology
	24.1	 Introduction
	24.2	 Biomimics and Biocopies
	24.3	 Development of Biosimilars
	24.4	 Evaluation of Proposed Biosimilars
	24.5	 Regulations for Biosimilars
	24.6	 Switching, Substitution, Interchangeability, and Extrapolation
	24.7	 Clinical Experience with Biosimilars
	24.7.1	 Biosimilars of Infliximab
	24.7.2	 Biosimilars of Etanercept
	24.7.3	 Biosimilars of Adalimumab and Rituximab

	24.8	 Biosimilars in Other Fields
	24.9	 Challenges
	24.10	 Summary
	References

	25: Off-Label Use of Biologics in Rheumatological Disorders
	25.1	 Introduction
	25.2	 Commonly Used Biological DMARDs in Rheumatic Diseases
	25.2.1	 Tocilizumab
	25.2.1.1	 Takayasu Arteritis (TA)
	25.2.1.2	 Adult-Onset Still Disease (AOSD)
	25.2.1.3	 Systemic Sclerosis (SSc)
	25.2.1.4	 Behcet’s Disease (BD)
	25.2.1.5	 Polymyalgia Rheumatica (PMR)

	25.2.2	 Rituximab
	25.2.2.1	 Systemic Lupus Erythematosus (SLE)
	25.2.2.2	 Systemic Sclerosis (SSc)
	25.2.2.3	 Sjogren Syndrome (SS)
	25.2.2.4	 Idiopathic Inflammatory Myositis (IIM)

	25.2.3	 Anti-TNF α Agents
	25.2.3.1	 Sarcoidosis
	25.2.3.2	 Uveitis in Rheumatic Diseases
	25.2.3.3	 Behcet’s Disease (BD)
	25.2.3.4	 Kawasaki Disease (KD)

	25.2.4	 Anti IL-1 Agents
	25.2.5	 Anti IL-17 Agents

	25.3	 Conclusion
	References

	26: Biologics and Ethical Issues in Rheumatology
	26.1	 Introduction: Ethical Issues in Rheumatology
	26.2	 Biologics/Biosimilars and their Cost-Effectiveness
	26.3	 Patient-Related Ethical Issues
	26.3.1	 Control Arms and Healthy Controls
	26.3.2	 Treatment Naïve and Treated Patients
	26.3.3	 Beneficence and Non-Maleficence
	26.3.4	 Patient Autonomy
	26.3.5	 Distribution of Justice

	26.4	 Physician-Related Issues
	26.4.1	 Physician–Pharmaceutical Industry Relations
	26.4.2	 Conflict of Interest
	26.4.3	 Medical Education and Bias

	26.5	 Industry-Related Issues
	26.5.1	 Fair Control Trials
	26.5.2	 Publication Biases

	26.6	 Future and Conclusion
	References

	27: Patient Consent for Biologics
	27.1	 Introduction
	27.2	 Consent
	27.3	 Consent for Biologics
	27.3.1	 Indications
	27.3.2	 Toxicity and Pre-Treatment Screening
	27.3.2.1	 Infection Risk
	27.3.2.2	 Pre-Treatment Counselling and Screening

	27.3.3	 Mode of Administration and Cost

	27.4	 Conclusion
	References





